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R68000 MICROPROCESSOR AND PERIPHERAL FAMILY 
16-bit Speed and Data Capacity, Peripherals to Build Efficient 
Systems 


Rockwell peripherals give a designer everything the 
68000 family promises. They allow you to design functional 
systems utilizing all the speed and data handling potential 
of the 16-bit 68000 family. 

First of these are the Rockwell designed 16-bit 
peripherals—multi-protocol communications controller, 
double density floppy disk controller, local area network 
controller—each a significant ‘first’ that eliminates the 
“glue parts” between a CPU and peripherals. 

Not to be ignored, however, is the very wide and 
complete family of 8-bit devices—processors, peripherals, 
memory, single-chip microcomputers—compatible with the 
R68000 family. All of the R6500 family of devices described 
in this Data Book are directly compatible with the R68000 
bus. They often provide efficient, economical and very 
flexible ways of implementing system designs. 

The Rockwell R68000 16-bit microprocessor (MPU) 
operates at clock speeds of 4, 6, 8, 10 or 12.5 MHz to 
match essentially any application. 

The AG8561 multi-protecol communications controller 
(MPCC) is the highest throughput communications device 


ever made commercially available. {t operates up to 

4 Mbits/sec and supports all major communication protocols. 
It’s available to work with either 16-bit or 8-bit busses and 
can be adapted to function with essentially any of today’s 
more common busses. 

The R68465 double density floppy disk controller 
(DDFDC) is an intelligent device that can run up to four disk 
drives without the many support devices previously 
required. 

The R68802* provides a flexible local area network 
(LNET) controller for the R68000. It supports both the 
(EEE 802.3 and Ethernet* standards based on the proven 
CSMA/CD technique together with network statistics. 

Rockwell lets you build efficient and economical 16-bit 
systems through families of 16-bit and 8-bit peripherals, all 
compatible. No other supplier offers you more. 


*A68802 is a trademark of the Rockwell international Corp. 
“Ethernet is a trademark of the Xerox Corp. 





R68000/R6500 Peripheral Migration 
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16-BIT MICROPROCESSING UNIT (MPU) 





PRELIMINARY 


DESCRIPTION 


The R68000 microprocessor is designed for high performance 
where operational computation and versatility is required. The 
R68000 provides powerful mass-memory handling capability and 
architectural features designed to fit the broad range of 16-bit 
needs. The Rockwell family of 16-bit products also includes a 
wide range of peripherals that will allow complete system design 
and manufacture. 
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R68000 REGISTERS 








The R68000 offers seventeen 32-bit registers in addition to the 
32-bit program counter and a 16-bit status register. The first eight 
registers (DO-D7) are used as data registers for byte (68-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (A0-A6) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. Ail 17 registers may be used as index 
registers. 


FEATURES 


* 16M byte (8M word) Linear Addessing Range 
* 14 Operand Addressing Modes 
¢ 56 Powerful Instruction Types 
® Instruction Set Supports Structured High-Level Languages 
* Pipelining Instruction Execution 
¢ 32-Bit Program Counter . 
e 16-Bit Data Bus 
e 23-Line Address Bus 
¢ 32-Bit Data and Address Registers Including: 
— Eight General Purpose Data Registers 
— Seven Address Registers 
— Two Stack Pointers (User, Supervisory) 
e All 17 Registers Can Be Index Registers 
© Memory Mapped Peripheral Devices 
* Vector Generated Exception Processing 
e Seven Unique Autovectors for Interrupt Service Routines 
® Trace Mode for Software Debugging 
* Operations Occur on Five Main Data Types 
— Bit 
— BCD 
— Byte 
— Word 
— Long Word 
® Asynchronous and Synchronous Peripheral Interface 
Capability 
* Many Peripheral Chips Available 
— R68560 Multi-Protocol Communications Controller 
— R68465 Double Density Floppy Disk Controller 
— R68802 Local Network Controller 
e Up to 12.5 MHz Input Clock 
e +5 VDC Power Supply 
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R68000 PIN CONFIGURATION 


ORDERING INFORMATION 



























Order 
Number 


ReB000C4 

R6B000C6 

RE8000C8 

R68000C10 

R68000C12 
Re8000Q8 

- R68000Q10 


Package Temperature 
Type — Frequency Range 


Ceramic DIP 4 MHz 0°C to + 70°C 
Ceramic DIP 6 MHz 0°C ta +70°C 
Ceramic DIP 8 MHz 0°C to +70°C 
Ceramic DIP 10 MHz 0°C to +70°C 
Ceramic DIP 12.5 MHz 0°C to + 70°C 
Plastic QUIP 8 MHz 0°C to +55°C 
Plastic QUIP 10 MHz 0°C to +55°C 
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16-Bit MPU 





SIGNAL DESCRIPTION 


The following paragraphs briefly describe the input and output 
signals and also reference (if applicable) other paragraphs that 
contain more detail about the function being performed. Bus 
operation during the various machine cycles and operations is 
also discussed. The input and output signals can be functionally 
organized into the groups shown in Figure 1. 


Note 


The terms assertion and negation are used to avoid con- 
fusion when dealing with a mixture of ‘‘active-low’’ and. 
‘‘active-high” signals. The terms assert, or assertion, indi- 
cates that a signal is active, or true, independent of 
whether that voltage is.low or high. The term negate, or 
negation, indicates that a signal is inactive or false. 


ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, 
three-state bus can address eight megawords of data. It-pro- 
vides the address for bus operation during all cycles except inter- 
rupt cycles. During interrupt cycles, address lines A1, A2, and 
A3 encode the interrupt level to be serviced while address lines 
A4 through A23 are all set high. 


DATA BUS (D0 THROUGH D15). This 16-bit, bidirectional, 
three-state bus is the general purpose data path. It transfers and 
accepts data in either word or byte length. During an interrupt 
acknowledge cycle, an external device supplies the vector 
number on data lines DO-D7. 


ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled using the following control signals: address 
strobe, read/write, upper and lower data strobes, and data 
transfer acknowlege. These signals are explained in the follow- 
ing paragraphs. 
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Figure 1. 


Input and Output Signals 
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Address Strobe (AS). The AS output indicates that there is a 
valid address on the address bus. 


Read/Write (R/W). The R/W output defines the data bus transfer 
as a read or write cycle. The R/W signal also works in conjunction 
with the upper and lower data strobes as explained in the follow- 
ing paragraph. 


Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS 
outputs control the data on the data bus, as shown in Table 1. 
When the R/W line is high, the processor reads from the data 
bus as indicated. When the R/W line is low, the processor writes 
to the data bus as shown. 


Data Transfer Acknowledge (DTACK). The DTACK input indi- 
cates that the data transfer is completed. When the processor 
recognizes DTACK during a read cycle, data is latched and the 
bus cycle terminated. When DTACK is recognized during a write 
cycle, the bus cycle terminates. Refer to ASYNCHRONOUS 
VERSUS SYNCHRONOUS OPERATION. 





BUS ARBITRATION CONTROL. These three signals form a bus 
arbitration circuit to determine which device will be the bus 
master device. 


Bus Request (BR). The BR input indicates to the processor, that 
some other device desires to become the bus master. This input 
can be externally ORed with all other devices that could be bus 
masters. 


Bus Grant (BG). The BG output indicates to all other potential 
bus master devices that the processor will release bus control 
at the end of the current bus cycle. 


Bus Grant Acknowledge (BGACK). The BGACK input indicates 
that some other device has become the bus master. This signal 
cannot be asserted until the following four conditions are met: 


1. a bus grant (BG) has been received, 


2. address strobe (AS) is inactive which indicates that the 
Processor is not using the bus - 


Table 1. ‘Data Strobe Control of Data Bus 
- 








 -DB-D15 























| ups | Los | A/W _D0-D7 
_ No valid data ‘No valid data 
AREER aE | 
Valid data bits Valid data bits 
Low Low High e415 0-7 
Valid data bits: 
High | No valid data Sea 
Valid data bits 
Low in | High 8-15 No valid data 
Valid data bits .| Valid data bits 
Low Low Low 8-15 0-7 
Valid data bits Valid data bits 
High Low 0-7" 0-7. 
Valid data bits | Valid data bits 
Low Low 8-15 . 8-15* 
; {[ 
*These conditions are a result of current implementation and may not 
appear on future devices. 
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(a) 


. data transfer acknowledge (DTACK) is inactive which 
indicates that neither memory nor peripherals are using the 
bus, and 

. bus grant acknowledge (BGACK) is inactive which 
indicates that no other device is still claiming bus mastership. 


> 


INTERRUPT CONTROL (IPLO, IPL1, IPL2). These input pins 
indicate the encoded priority level of the device requesting an 
interrupt. Level seven is the highest priority while level zero indi- 
cates that no interrupts are requested. Level seven cannot be 
masked. IPLO is the least significant bit while IPL2 is the most 
significant bit. To insure an interrupt is recognized, the inter- 
rupt control lines (IPLX) must remain stable until the processor 
signals interrupt acknowledge (FCO, FC1, and FC2 all high). 


SYSTEM CONTROL. The system control inputs either reset or 
halt the processor or indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR). The BERRA input informs the processor that 

a problem exists with the cycle currently being executed. 

Problems may be a result of: — 

1. nonresponding devices, 

2. interrupt vector number acquisition failure, 

3. itlegal access request as determined by a memory manage- 
ment unit, or , 

4. other application dependent errors. 


The Bus Error (BERR) signal interacts with the HALT signal to 
determine if exception processing should be performed or the 
current bus cycle should be retried. 


Refer to BUS ERROR AND HALT OPERATION paragraph for 
additional information about the interaction of the bus error and 
halt signals. 


Reset (RESET). This bidirectional signal line acts to reset (initiate 
a system initialization sequence) the processor and system in 
response to an external reset signal. An internally generated 
reset (result of a RESET instruction) resets all external devices 
while not affecting the internal state of the processor. A total 
system reset (processor and external devices) is the result of 
external HALT and RESET signals applied simultaneously. Refer 
to RESET OPERATION paragraph for additional information. 





Halt (HALT). The bidirectional HALT line, when driven by an 
external device, will cause the processor to stop at the comple- 
tion of the current bus cycle. Halting the processor using HALT 
causes all control signals to go inactive and all three-state lines 
to go to their high-impedance state. Refer to BUS ERROR AND 
HALT OPERATION paragraph for additional information about 
the interaction between the HALT and BERR signals. 








When the processor has stopped executing instructions, such 
as in a double bus fault condition, the HALT line is driven by 
the processor to indicate to external devices that the processor 
has stopped. Refer to paragaph on Double Bus Faults.. 
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R6500 PERIPHERAL CONTROL. These control signals are 
used to allow the interfacing of synchronous R6500 peripheral 
devices with the asynchronous R68000. These signals are 
explained in the following paragraphs. 


Enable (E). The E output signal is the standard enable signal 
($2 clock) common to all R6500 type peripheral devices. The 
period for this output is ten R68000 clock periods (six clocks 
low; four clocks high). Enable is generated by an internal ring 
counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLK). E 
is a free-running clock and runs regardless of the state of the 


‘bus on the MPU. 


Valid Peripheral Address (VPA). The VPA input indicates that 
the device or region addressed is a R6500 family device and 


that data transfer should be synchronized with the enable (E) 


signal. This input also indicates that the processor should use 
automatic vectoring for an interrupt. Refer to INTERFACE WITH 
R6500 PERIPHERALS. 


Valid Memory Address (VMA). The VMA output indicates to 
R6500 peripheral devices that there is a valid address an the 
address bus and that the processor is synchronized to enable. 
This signal only responds to a valid peripheral address (VPA) 
input which indicates that the peripheral is a R6500 family device. 


PROCESSOR STATUS (FCO, FC1, FC2). These function code 
outputs indicate the state (user or supervisor) and the cycle type 
currently being executed, as shown in Table 2. The information 
indicated by the function code outputs is valid whenever address 
strobe (AS) is active. 


CLOCK (CLK). The clock input is a TTL-compatible signal that 
is internally buffered for development of the internal clocks 
needed by the processor. The clock input should not be gated 
off at any time and the clock signal must conform to minimum 
and maximum pulse width times. 


SIGNAL SUMMARY. Table 3 summarizes all the signals dis- 
cussed in the previous paragraphs. 


Table 2. Function Code Outputs 










Cycle Type 





Low (Undefined, Reserved) 








Low User Data 








User Program 





High (Undefined, Reserved) 


(Undefined, Reserved) 








Supervisor Data 





Supervisor Program 








Interrupt Acknowledge 
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Table 3. Signal Summary 


Signal Name ore Inpuy/Outpu 




















iar aT Yes 
[ne pon InpuvOutput a Yes 
Read- -High 
Upper and Lower Data Strobes UDS, LDS 





Data Transfer Acknowledge DTACK 
Bus Request 


Bus Grant Acknowledge 
Interrupt Priority Level IPLO, IPL1, IPL? 
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REGISTER DESCRIPTION AND DATA 
ORGANIZATION OPERAND SIZE 


STATUS REGISTER. The status register contains the eight level 
interrupt mask as well as the condition codes; extend (X), 
negative (N), zero (Z), overflow (V), and carry (C). Additional 
Status bits indicate that the processor is in a trace (T) mode 
and/or in a supervisor (S) state. 


Operand sizes are defined as follows: a byte equals 8 bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each instruction is either explicitly encoded in the instruc- 
tion or implicitly defined by the instruction operation: Implicit 
instructions support some subset of all three sizes. 


DATA ORGANIZATION IN REGISTERS 


SYSTEM BYTE USER BYTE’ 

The eight data registers support data operands of 1, 8, 16, or 
is 13 __10 8 . 4 0 32 bits. The seven address registers together with the active 
TINY s KY t2[ 11] tO QQ x [ZF IC | Stack pointer support address operands of 32 bits. 

| | | DATA REGISTERS. Each data register is 32 bits wide. Byte 

TRACE MORE INTERRUPT EXTEND operands occupy the low order’8 bits, word operands the low 
SUPERVISOR MASK NEGATIVE order 16 bits, and long word operands the entire 32 bits. The 
STATE ZERO | least significant bit is addressed as bit zero; the most signifi- 
OVERFLOW cant bit is addressed as bit 31. When a data register is used 

: CARRY as either a source or destination operand, only the appropriate 
*CONDITION CODE REGISTER low-order portion is changed; the remaining high order portion 





is neither used nor changed. 


Status Register 
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WORD 000000 


BYTE 000000 


BYTE 000001 


WORD 000002 


BYTE 000002 


BYTE 000003 


WORD FFFFFE 


; BYTE FFFFFE 





BYTE FFFFFF 


Figure 2. Word Organization In Memory 


ADDRESS REGISTERS. Each address register and the stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support byte sized operands. Therefore, when 
an address register is used as a Source operand, either the low 
order word or the entire long word operand is used depending 
upon the operation size. When an address register is used as 
the destination operand, the entire register is aftected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 


DATA ORGANIZATION IN MEMORY 


Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 2. The low order byte has an odd address that is one 
higher than the word address. Instructions and muiti-byte data 
are accessed only on word (even byte) boundaries. If a long word 
datum is located at address n (n even), then the second word 
of that datum is located at address n + 2. 


The data types supported by the R68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 3. The numbers indicate the order in which data 
is accessed from the processor. 


BUS OPERATION 


The following paragraphs explain control signal and bus opera- 
tion during data transfer operations, bus arbitration, bus error 
and halt conditions, and reset operation. 


DATA TRANSFER OPERATIONS. Transfer of data between 
devices involves the following signals: 


e Address Bus A1 through A23 
e Data Bus DO through D15 
¢ Control Signals 


The address and data buses are separate parallel buses which 
transfer data using an asynchronous bus structure. In all cycles, 
the bus master assumes responsibitity for deskewing all signals 
it issues at both the start and end of a cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and 
data signals from the slave device. 


The foltowing paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle is the 
method used by the R68000 for interlocked multiprocessor 
communications. 


Read Cycle. During a read cycle, the processor receives data 
from memory or a peripheral device. The processor reads bytes 
of data in all cases, and for a word (or double word) operation, 
the processor reads both upper and lower bytes simultaneously 
by asserting both upper and lower data strobes. When the 
instruction specifies byte operation, the processor uses ‘an 
internal AO bit to determine which byte to read and then issues 
the data strobe required for that byte. When the AO bit equals 
zero, the upper data strobe is issued, and when the AO bit equals 
one, the lower data strobe is issued. The processor correctly 
positions the received data internally. 


A word read cycle flow chart is given in Figure 4. A byte read 
cycle flow chart is given in Figure 5. Read cycle timing is given 
in Figure 6. Figure 7 details word and byte read cycle operations. 


Write Cycle. During.a write cycle, the processor sends bytes 
of data to memory or a peripheral device. If the instruction 
specifies a word operation, the processor writes both bytes. 
When the instruction specifies a byte operation, the processor 
uses an internal AO bit to determine which byte to write and then 
issues the data strobe required for that byte. When the AO bit 
equals zero, the upper data strobe is issued and when the AO 
bit equals one, the lower data strobe is issued. A word write cycle 
flow chart is given in Figure 8. A byte write cycle flow chart is 
given in Figure 9. Write cycle timing is given in Figure 6. 
Figure 10 details word and byte write cycle operation. 
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BIT DATA 
1 BYTE = 8 BITS 


7 6 5 4 3 2 1 0 





INTEGER DATA 
1 BYTE = 8 BITS 





1 LONG WORD = 32 BITS 
150141312 10 9 8 7 6 5 4 3 2 1 0 


LOW ORDER 





ADDRESSES 
1 ADDRESS = 32 BITS 


15.14 13) 12——isdttds—C ss 10 9 8 7... 6. 5 4 3: 2 1 0 
MSB 


LOW ORDER 








MSB = MOST SIGNIFICANT BIT 
LSB = LEAST SIGNIFICANT BIT 


DECIMAL DATA 
2 BINARY CODED DECIMAL DIGITS = 1 BYTE 


15,0 14S 1138S 12S 11 10 9 8 7 6 5 4 3 2 1 0 





Figure 3. Data Organization In Memory 
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BUS MASTER 


SLAVE 













ADDRESS DEVICE 


1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FCO-FC2 
3) PLACE ADDRESS ON A1-A23__ 

4) ASSERT ADDRESS STROBE (AS) __ 
5) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STROBE (LDS) 





INPUT DATA 


1) DECODE ADDRESS 

2) PLACE DATA ON DO-D15 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 






















ACQUIRE DATA 
1) LATCH DATA 

2) NEGATE UDS AND LDS 
3) NEGATE AS 











TERMINATE CYCLE 


1) REMOVE DATA FROM DOo-D15 
2) NEGATE DTACK 










START NEXT CYCLE 
Figure 4. Word Read Cycle Flow Chart 


Read-Modify-Write Cycle. The read-modify-write cycle performs 
a read, modifies the data in the arithmetic-logic unit, and writes 
the data back to the same address. In the R68000 this cycle 
is indivisible in that the address strobe is asserted throughout 
the entire cycle. The test and set (TAS) instruction uses this cycle 
to provide meaningful communication between processors ina 
multiple processor environment. TAS is the only instruction that 
uses the read-modify-write cycles. Since the test and set instruc- 
tion only operates on bytes, all read-modify-write cycles are byte 
operations. A read-modify-write cycle flow chart is given in 
Figure 11 and a timing diagram is given in Figure 12. 


BUS ARBITRATION. Bus arbitration is a technique used by 
master-type devices to request,.be granted, and knowledge bus 
mastership. In its simplest form, it consists of: 


1. asserting a bus mastership request, 


2. receiving a grant that the bus is available at the end of the 
current cycle, and 


3. acknowledging that mastership has been assumed. 
























BUS MASTER SLAVE 





ADDRESS DEVICE 


1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FCO0-FC2 

3) PLACE ADDRESS ON A1-A23__ 

4) ASSERT ADDRESS STROBE (AS) __ 

5) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) (BASED ON Ao) 


INPUT DATA 


1) DECODE ADDRESS 

2) PLACE DATA ON D0-D7 or D8-D15 (BASED ON 
UDS OR LDS) 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 

(DTACK) 








ACQUIRE DATA 
1) LATCH DATA 

2) NEGATE UDS OR:LDS 

3) NEGATE AS 








TERMINATE CYCLE 


1} REMOVE DATA FROM Do-D15 OR D8-D15 
2) NEGATE DTACK. 


orn 


START NEXT CYCLE 














Figure 5. Byte Read Cycle Flow Chart 


Figure 13 is a flow chart showing the detail invoived in a request 
from a single device. Figure 14 is a timing diagram for the same 
operation. This technique allows processing of bus requests dur- 
ing data transfer cycles. 


The timing diagram shows that the bus request is negated at 
the time that an acknowledge is asserted. This is true for a 
system consisting of the processor and one device capable of 
bus mastership. However, in systems having a number of 
devices capable of bus mastership, the bus request line from 
each device is ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being 
made. The timing diagram shows that the bus grant signals 
negate a few clock cycles after the transition of the acknowledge 
(BGACK) signal. 


However, if the bus requests are still pending, the processor wiil 
assert another bus grant within a few clock cycles after nega- 
tion. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current 
bus master has completed its requirements. The following para- 
graphs provide additional information about the three steps in 
the arbitration process. 
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Figure 6. Read and Write Cycle Timing Diagram 
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Figure 7. Word and Byte Read Cycle Timing Diagram 


Requesting the Bus. External devices capable of becoming bus 
masters request the bus by asserting the bus request (BR) signal. 
This ORed signal (although it need not be constructed from open 
collector devices) indicates to the processor that some external 
device requires control of the external bus. The processor, at 
a lower bus priority level than the external device, will relinquish 
the bus after it has completed the last bus cycle it has started. 
If no acknowledge is received before the bus request signal goes 
inactive, the processor will continue processing when it detects 
that the bus request is inactive. This allows ordinary processing 
to continue if the arbitration circuitry inadvertently responded 
to noise. 


Receiving the Bus Grant. Normally the processor asserts bus 
grant (BG) as soon as possible after internal synchronization. The 
only exception occurs when the processor has made an inter- 
nal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe 
(AS) signal. In this case, bus grant will not be asserted until one 
clock after address strobe is asserted to indicate to external 
devices that a bus cycle is being executed. 


The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The proc- 
essor is not affected by the external method of arbitration as 
long as the protocol is obeyed. 
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SLAVE 





BUS MASTER 





ADDRESS DEVICE 


1) PLACE FUNCTION CODE ON FC0-FC2 

2) PLACE ADDRESS ON A1-A23__ 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TO WRITE _ 

5) PLACE DATA ON D0-D15 — 

6) ASSERT UPPEA DATA STROBE (UDS) AND 
LOWER DATA STROBE (LDS) 















INPUT DATA 


1) DECODE ADDRESS 

2) STORE DATA ON DO-D15 
3) ASSERT DATA TRANSFER 
ACKNOWLEDGE (DTACK) 














TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS AND LDS 

2) NEGATE AS 

3) REMOVE DATA FROM D0-D15 
4) SET R/W TO READ 


TERMINATE CYCLE 
1) NEGATE DTACK 








START NEXT CYCLE 








Figure & Word Write Cycle Flow Chart 
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BUS MASTER SLAVE 





ADDRESS DEVICE 


1) PLACE FUNCTION CODE ON FCO-FC2 

2) PLACE ADDRESS ON A1-A23__ 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TO WRITE 

5) PLACE DATA ON D0-D7 or D8-D15 (ACCORDING 
TO AQ) me 

6) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) (BASED ON AO): 





INPUT DATA 
1) DECODE ADDRESS 





3) ASSERT DATA TRANSFER 
ACKNOWLEDGE (DTACK) 















2) STORE DATA ON DO-D7 if LDS IS ASSERTED . 
STORE OATA ON D&-D15 IF UDS IS ASSERTED) 












TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS OR LDS 

2) NEGATE AS 

3) REMOVE DATA FROM D0-D7 OR. D8-D15 
4) SET R/W TO READ 











TERMINATE CYCLE 





1) NEGATE DTACK 


START NEXT CYCLE 





Figure 9. Byte Write Cycle Flow Chart 
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Figure 10. Word and Byte Write Cycle Timing Diagram 
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BUS MASTER 


ADDRESS DEVICE 


1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FC0-FC2 

3) PLACE ADDRESS ON A1-A23__ 

4) ASSERT ADDRESS STROBE (AS) __ 

5) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) 


ACQUIRE DATA 


1) LATCH DATA 
2) NEGATE UDS OR. LDS _~ 
3) START DATA MODIFICATION 


START OUTPUT TRANSFER 


1) SET R/W TO WRITE 

2) PLACE DATA ON DO0-D7 or D8-D15__ 

3) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) 


TERMINATE OUTPUT TRANSFER 
1) NEGATE UDS OR LDS 
2) NEGATE AS 
3) REMOVE DATA FROM DO0-D7 OR D8-D15 
4) SET R/W TO READ 


_ START NEXT CYCLE 
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INPUT DATA 


1) DECODE ADDRESS | 

2) PLACE DATA ON D0-D7 OR D8-D15 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 


TERMINATE CYCLE 


1) REMOVE DATA FROM D0-07 OR D&-D15 
2) NEGATE DTACK 


INPUT DATA 

1) STORE DATA ON DO0-D7 OR D8-D15 

2) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 


TERMINATE CYCLE 
1) NEGATE DTACK 


[Sn 





Figure 11. Read-Modify-Write Cycle Flow Chart 
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Figure 12. Read-Modify-Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 
REQUEST THE BUS ; 
1) ASSERT BUS REQUEST (BR) 


GRANT BUS ARBITRATION 
'1) ASSERT BUS GRANT (BG) 
















ACKNOWLEDGE BUS MASTERSHIP 


1) EXTERNAL ARBITRATION DETERMINES 
NEXT BUS MASTER © 

2) NEXT BUS MASTER WAITS FOR CUR- 
RENT CYCLE TO COMPLETE. 

3) NEXT BUS MASTER ASSERTS BUS 
GRANT ACKNOWLEDGE (BGACK) TO 
TO BECOME NEW MASTER, 

4) BUS MASTER NEGATES BR 




















TERMINATE ARBITRATION 


1) NEGATE BG (AND WAIT FOR 
BGACK TO BE NEGATED) 











OPERATE AS BUS MASTER 


1) PERFORM DATA TRANSFER (READ AND 
WRITE CYCLES) ACCORDING TO THE 
SAME RULES THE PROCESSOR USES. 


RELEASE BUS MASTERSHIP 

1) NEGATE BGACK 

RE-ARBITRATE OR RESUME 
PROCESSOR OPERATION 


Figure 13. Bus Arbitration Cycle Flow Chart 

















Acknowledgment of Mastership. Upon receiving a bus grant 
(BG), the requesting device waits until address strobe (AS), data 
transfer acknowledge (DTACK), and bus grant acknowledge 
(BGACK) are negated before issuing its own BGACK. The nega- 
tion of the address strobe indicates that the previous master has 
completed its cycle, while the negation of bus grant acknowledge 
indicates that the previous master has released the bus. (If 
address strobe is asserted no device is allowed to ‘‘break into”’ 
a cycle.) The negation of data transfer acknowledge indicates 
the previous slave has terminated its connection to the previous 
master. In some applications data transfer acknowledge may 
not be required. In this case the devices would use the address 
strobe. When bus grant acknowledge is issued the device is bus 
master, Only after the bus cycle(s) is (are) completed should bus 
grant acknowledge be negated to terminate bus mastership. 











The bus request from the granted device should be dropped after 
bus grant acknowledge is asserted. If a bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of bus grant. Refer to Bus Arbitration Control 
section. The processor does not perform any external bus cycles 
before it reasserts bus grant. 


BUS ARBITRATION CONTROL. The bus arbitration control unit 
in the R68000 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 15. All asynchronous 
signals to the R68000 are synchronized before being used inter- 
nally. This synchronization is accomplished in a maximum of 
one cycle of the system clock, assuming that the asynchronous 
input setup time (#47) has been met (see Figure 16). The input 
signal is sampled on the falling edge of the clock and is valid 
internally after the next falling edge. If BR and BGACK meet 
the asynchronous set-up time tASI (#47), then t8GKBR (#37A) 
can be ignored. If BR and BGACK are asserted asynchronously 
with respect to the clock, BGAGK has to be asserted before BR 
is negated. 











As shown in Figure 15, input signals labeled R and A are inter- 
nally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is labeled 
G and the internal three-state control signal T. If T is true, the 
address, data, and control buses are placed in a high-impedance 
state when AS is negated. All signals ‘are shown in positive logic 
(active high) regardless of their true active voltage level. 


State changes (valid outputs) occur on the next rising clock edge 
atier the internal signal is valid. 


A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 17. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal opera- 
tions such as a multiply instruction) is shown in Figure 18. 


if a bus request (BR) is made at a time when the MPU has 
already begun a bus cycle but AS has not been asserted (bus 
state SO), BG will not be asserted on the next rising edge. Instead 
BG will be delayed until the second rising edge following its inter- 
nal assertion. This sequence is shown in Figure 19. 


BUS ERROR AND HALT OPERATION. In a bus architecture 
that requires a handshake from an external device, the possibility 
exists that the handshake might not occur. Since different 
systems will require a different maximum response time, a bus 
error input is provided. 


External circuitry must be used to determine the duration 

_between address strobe and data transfer acknowledge before 
issuing a bus error signal. When a bus error signal is received, 
the processor has two options: initiate a bus error exception 
sequence or try running the bus cycle again. 


, 
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Figure 14. Bus Arbitration Cycle Timing Diagram 
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A = Bie SENS CEHOUeD GE INTERNAL Bus Error Operation. When BERR is asserted, the current bus 
G = BUS GRANT cycle is terminated. If BERR is asserted before the falling edge 
T = THREE-STATE CONTROL TO BUS CONTROL LOGIC2 of $2, AS will be negated in $7 in either a read or write cycle. 
X = DON’T CARE nan ; As long as BERR remains asserted, the data and address buses 
1. STATE MACHINE WILL NOT CHANGE STATE IF BUS IS_ will be in the high-impedance state. When BERR is negated, 
IN SO OR S1. REFER TO BUS ARBITRATION CONTROL the processor will begin stacking for exception processing. 
FOR ADDITIONAL INFORMATION. Figure 20 is a timing diagram for the exception sequence. The 
2. THE ADDRESS BUS WILL BE PLACED IN THE HIGH sequence is composed of the following elements: 
IMPEDANCE STATE IF T IS ASSERTED AND AS 1. stacking the program counter and status register, 


NEGATED. 





stacking the error information, 


2. 
Figure 15. State Diagram of R68000 Bus 3. reading the. bus error vector table entry, and 
Arbitration Unit 4. executing the bus error handler routine. 
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Figure 17. Bus Arbitration During Processor Bus Cycle 
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Figure 18. Bus Arbitration with Bus Inactive 
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‘Figure 19. Bus Arbitration During Processor Bus Cycle Special Case 
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Figure 20. Bus Error Timing Diagram 
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The stacking of the program counter and the status register is 
identical to the interrupt sequence. Several additional items are 
stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The bus 
error vector is vector number two located at address $000008. 
The processor loads the new program counter from this loca- 
‘tion. A software bus error handler routine is then executed by 
the processor. Refer to EXCEPTION PROCESSING for addi- 
tional information. , 


Re-Running the Bus Cycle. When, during a bus cycle, the 
‘processor receives a BERR, and HALT is being driven by an 
external device, the processor enters the re-run sequence. 
Figure 21 is a timing diagram for re-running the bus cycle. 








The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
‘remains ‘‘halted’’ and will not run another bus cycle until. exter- 
‘nal logic negates HALT. Then the processor will re-run the 
previous bus cycle using the same address, the'same function 
codes, the same data (for a write operation), and the same con- 
‘trols. BERR should be negated at least one clock cycle before 
HALT is negated. 











Note 


The processor will not re-run a read-modify-write cycle. 
This restriction is made to guarantee that the entire cycle 
runs correctly and that the write operation of a Test-and- 
Set operation is performed without ever releasing AS. If 
BERR and HALT are asserted during a read-modify-write 
bus cycle, a bus error operation.results. 








Halt Operation with No Bus Error. The HALT input signal to 
the R68000 performs a Halt/Run/Single-Step function in a similar 
fashion to the R6500 halt functions. When the HALT signal is 
constantly active the. processor ‘‘halts’” (does nothing) and when 








-the HALT signal is constantly inactive the processor ‘'runs’’- 


(does something). 


CLK 
A1-A23 


The single-step mode, derived from correctly timed transitions 
on the HALT signal input, forces the processor to execute a 
single bus-cycle by entering the “run” mode until the processor 
starts a bus cycle then changing to the ‘‘halt’” mode. Thus, the 
single-step mode allows the user to proceed through (and 
therefore debug) processor operations one bus cycle at a time. 





Figure 22 details the timing required for correct single-step 
operations. Some care must be exercised to avoid harmful inter- 
actions between BERR and HALT when using the single cycle 
mode as a debugging tool. This is also true of intezactions 
between the HALT and RESET lines since these can reset the 
machine. 














-When the processor completes a bus cycle after recognizing 





that HALT is active, most three-state signals are put in the high- 
impedance state. These include: 


1. address lines, and 
2. data lines. 


This is required for correct performance of the re-run bus cycle 


operation. 


Honoring the halt request has no effect on bus arbitration. Only 
the bus arbitration function removes the control signals from the 
bus. 


Total debugging flexibility is derived from the software debugging 
package, the halt function, and the hardware trace capability. 
These processor capabilities allow the hardware debugger to 
trace single bus cycles or single instructions at a time. 


Double Bus Faults. When a bus error exception occurs, the 
processor will attempt to stack several words containing informa- 
tion about the state of the machine. ff a bus error exception 
occurs during the stacking operation, there have been two bus 
errors in a row, or a double bus fault. A.double bus fault causes 
the processor to halt. Once a bus error exception has occurred, 
any bus error exception occurring before the execufion of the 
next instruction constitutes a double bus fault. 


Cnr z 21 CLOCK PERIOD 


|}~«——— READ ———>}<—_——__—— naLT >} RE-RUN > 


Figure 21. 
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Re-Run Bus Cycfe Timing Diagram 
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Figure 22. Hait Signal Timing Waveforms 


Note that a bus cycle which is re-run does not constitute a bus 
error exception, and does not contribute to a double bus fault. 
This means that as long as the external hardware requests It, 
the processor will continue to re-run the same bus cycle. 


The bus error (BERR) pin also has an effect on processor opera- 
tion after the processor receives an external reset input. The 
processor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs while 


reading the vector table (or at any time before the first instruc- 


tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a halted 
processor. 


RESET OPERATION. The reset signal is a bidirectional signal 
that allows either the processor or an external signal to reset 
the system. Figure 23 is a timing diagram for reset operations. 
Both HALT and RESET must be applied to ensure total reset 
of the processor. 








When the RESET and HALT are driven by an external device 
the entire system, including the processor, is reset. The 
processor responds by reading the reset vector table entry (vec- 
tor number zero, address $000000) and loads it into the super- 
visor stack pointer (SSP). Vector table entry number one at 
address .$000004 is read next and !oaded into the program 
counter. The processor initializes the status register to an inter- 
rupt level of seven, with no other register belng affected... 


Execution of the RESET instruction drives the reset pin low for 
124 clock periods. ln this case, the processor is trying to reset 
the rest of the system. The internal state of the processor, includ- 
ing the processor’s internal registers and the status register, is 
unaffected by the execution of a RESET instruction. All external 
devices connected to the reset line will be reset at the comple- 
tion of the RESET instruction. 


Asserting RESET and HALT for 10 clock cycles will cause a 


processor reset, except when Vcc is initially applied to the 


processor. In this case, an external reset must be applied for 
100 milliseconds. 





THE RELATIONSHIP OF DTACK, BERR, AND 
HALT 


In order to properly control termination of a bus cycle for a re-run 
or a bus error condition, DTACK, BERRA, and HALT should be 
asserted and negated on the rising edge of R68000 clock. This 
will assure that when two signals are asserted simultaneously, 
the required setup time (#47) for both of them will be met during 
the same bus state. 








This, or some equivalent precaution, should be designed exter- 
nal to the R68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 


The preferred bus cycle terminations may be summarized as 
follows (case numbers refer to Table 4): 


Normal Termination: DTACK occurs first (case 1). 


Halt Termination: HALT is asserted at same time, or precedes 
DTACK (no BERR) cases 2 and 3. 





Bus Error Termination: BERR is asserted in lieu of, at same 
time, or preceding DTACK (case 4): BERR negated at same 
time, or after DTACK. | 











Re-Run Termination: HALT and BERR asserted in lieu of, at 
the same time, or before DTACK (cases 6 and 7); HALT must 
be negated at least one cycle after BERR. (Case 5 indicates 
BERR may precede HALT which allows fully asynchronous 
assertion). 

















Table 4 details the resulting bus cycle termination under various 
combinations of control signal sequences. The negation of these 
same control signals under several conditions is shown in 
Table 5. (DTACK is assumed to be negated normally in all 
cases; for best results, both DTACK and BEAR should be 
negated when address strobe is negated). 








Example A: A system uses a watch-dog timer to terminate 
accesses to unpopulated address space. The timer asserts 
DTACK and BERR simultaneously after timeout (case 4). 
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Figure 23. Reset Operation Timing Diagram 


Example B: A system uses efror detection on RAM contents. 
Designer may (a) delay DTACK until data verified, and return 
BERR and HALT simultaneously to re-run error cycle (case. 6), 
or if valid, return DTACK (case 1); (b) delay. DTACK until data 
verified and return BERR at same time as DTACK if data in 
error (case 4). 




















ASYNCHRONOUS VERSUS SYNCHRONOUS 
OPERATION 


Asynchronous Operation 


To achieve clock frequency independence at a system level, the 
R68000 can be used in an asynchronous manner. This entails 
using only the bus handshake. lines (AS, UDS, LDS, DTACK, 
BERR, HALT, and VPA) to control the data transfer. Using this 
method, AS signals the start of a bus cycle and the data strobes 
are used as a condition for valid data on a write cycle. The slave 
device (memory or peripheral) then responds by placing the 
requested data on the data bus for a read cycle or latching data 
on a write cycle and asserting the data transfer acknowledge 
signal (DTACK) to terminate the bus cycle. If no slave reponds 
or the access is invalid, external control logic asserts the BERR, 
or BERR and HALT, signal to abort or rerun the bus cycle. 














The DTACK signal is altowed to be asserted before the data from 
a slave device is valid on a read cycle. The length of time that 
DTACK may precede. data is given as parameter #31 (See 
Figure 45) and it must be met in any asynchronous system to 
insure that valid data is latched into the processor. Notice that 
there is no maximum time specified from the assertion of AS 
to the assertion. of DTACK.. This is because. the MPU 
will insert wait cycles of one clock period each until DTACK is 
recognized. 











1-20 


The BERR signal is allowed to be asserted after the DTACK 
signal is asserted. BERR must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 








Synchronous Operation 


To allow for those systems which use the system clock as a: 
signal to generate DTACK and other asynchronous inputs, the 
asynchronous inputs setup time is given as parameter #47. If 
this‘setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true—if the input 
signal does not meet the setup time it is not guaranteed not to 
be recognized. In addition, if DTACK is recognized on a falling 
edge, valid data will be latched into the processor (on a read 
cycle) on the next falling edge provided that the data meets the 
setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required 
setup time, before the falling edge of S4, no wait states will be 
incurred and the bus cycle will run at its maximum speed of four 
clock periods. 














In order to assure proper operation in a synchronous system 
when BERR is asserted after DTACK, the following conditions 
must be met. Within one clock cycle after DTACK was recog- 
nized, BERR must meet the setup time parameter #27A prior 














. to the falling edge of the next clock. The setup time is critical 


to proper operation, and the R68000 may exhibit erratic behavior 
if‘it is violated. - 


» Note 


During an active bus cycle, VPA and BERR are sampled 
on every falling edge of the clock starting with SO. DTACK 
is sampled on every falling edge of the clock starting with 
$4 and data is latched on the falling edge of S6 during 
a read. The bus cycle will then be terminated in S7 except 
when BERR is asserted. in the absence of DTACK, in 
which case it will terminate one clock cycle later in S9, 
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Table 4. ODOTACK, BERR, HALT Assertion Results 



































Asserted on Rising 
Edge of State 
Case Control 
No. Result 
S 
1 xX Normal cycle terminate and continue. 
xX 
s = he 
2 x Normal cycle terminate and halt. Continue when HALT removed. 
Ss 
A 4 ———— 
3 N Normal cycle terminate and halt. Continue when HALT removed. 
Ss 
x 
4 Ss Terminate and take bus error trap. 
N. 
xX 
5 Ss Terminate and re-run. 
A 
X 
6 Ss Terminate and re-run when HALT removed. 
Ss 
x 
7 A Terminate and re-run when HALT removed. 
Ss 
Legend: 
N — the number of the current even bus state (e.g., S4, S6, etc.) 
A — signal is asserted in this bus state 
NA — signal is not asserted in this state 
xX —don't care 
S — signal was asserted in previous state and remains asserted in this state 





Table 5. BERR AND HALT Negation Results 


Negated on Rising 
Edge of State 


Bus Error Takes bus error trap. 















Conditions of 
Termination in 
Table 4-4 










Control 
Signal 





legal sequence; usually traps to vector number 0. 


Re-runs the bus cycle. 





May lengthen next cycle. 


e 
Normal are . be Fbne. If next cycle Is started it will be terminated as 2 bus error. 


= Signal is negated in this bus state. 
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PROCESSING STATES 


The following paragraphs describe the actions of the R68000 
which are outside the normal processing associated with the 
execution of instructions. The functions of the bits in the super- 
visor portion of the status register are covered: the super- 
visor/user bit, the trece enable bit, and the processor interrupt 
priority mask. The sequence of memory references and actions 
taken by the processor on exception conditions are detailed. 


The R68000 is always in one of three processing states: nor- 
mal, exception, or halted. The normal processing state 
associated with instruction execution; the memory references 
are to fetch instructions and operands, and to store results. A 
special case of the normal state is the stopped state which the 
processor enters when a STOP instruction is executed. In this 
state, no further references are made. 


The exception processing state is associated with interrupts, trap 
instructions, tracing and other exceptional conditions. The 
exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an instruc- 
tion. Externally, exception processing can be forced by an inter- 
rupt, by @ bus error, or by a reset. Exception processing is 
designed to provide an efficient context switch so that the 
‘processor may handle unusual conditions. 


The halted processing state is an indication of a catastrophic 
hardware failure. For example, if during the exception processing 
of a bus error another bus error occurs, the processor assumes 
that the system is unusable and halts. Only an external reset 
can restart a haited processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 


PRIVILEGE STATES 


The processor operates in one of two states of privilege: the 
“user’’ state or the “supervisor” state. The privilege state deter- 
mines legal operations. It is used to choose between the super- 
visor stack pointer and the user stack pointer in instruction 
references, and by the external memory management device 
to control and translate accesses. 


The privilege state is a mechanism for providing security in a 
computer system by allowing most programs to execute in user 
state. In this state, the accesses are controlled, and the effects 
on other parts of the system are limited. Programs should access 
only their own code and data areas, and ought to be restricted 
from accessing information. 


The operating system which executes in the supervisor state, 
has access to all resources and performs the overhead tasks 
for the user state programs. 


SUPERVISOR STATE. The supervisor state is the higher state 
of privilege. For instruction execution, the supervisor state is 
determined by asserting (high) the S-bit of the status register. 
All instructions can be executed in the supervisor state. The bus 
cycles generated by instructions executed in the supervisor state 
are classified as supervisor references. While the processor is 
in the supervisor privilege state, those instructions which use 
either the system stack pointer implicitly or address register 
seven explicitly access the supervisor stack pointer. 
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All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor 
references. All stacking operations during exception processing 
use the supervisor stack pointer. — 


USER STATE. The user state is the lower state of privilege. For 
instruction execution, the user state is determined by negating 
(low) the S-bit of the status register. 


Most instructions execute the same in user state as in the super- 
visor state. However, some instructions which have important 
system effects are made privileged. User programs are not per- 
mitted to execute the STOP instruction, or the RESET instruc- 
tion. To ensure that a user program cannot enter the supervisor 
state except in a controlled manner, the instructions which 
modify the whole state register are priviled. To aid in debugging 
programs which are to be used as operating systems, the move 
to user stack pointer (MOVE to USP) and move from user stack 
pointer (MOVE from USP) instructions are also privileged. 


The bus cycles generated by an instruction executed in user 
state are classified as user state references. This allows an exter- 
nal memory management device to translate the address and 
to control access to protected portions of the address space. 
While the processor is in user privilege state, those instructions 
which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 


PRIVILEGE STATE CHANGES. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, 
the current setting of the S-bit of the status register is saved and. 
the S-bit is asserted, putting the processing in the supervisor 
state. Therefore, when instruction execution resumes to process 
the exception, the processor Is in the supervisor privilege state. 


REFERENCE CLASSIFICATION. When the processor makes 
a reference, it classifies the kind of reference being made by 
using the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt 
acknowledge. Table 6 lists the classification of references. 


Table 6. Reference Classification 













Function Code Output 


Reference Class 








(Unassigneq) 









User Data 


(Unassigned) 
(Unassigned) 





Supervisor Data 








Supervisor Program 











Interrupt Acknowledge 
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NEW PROGRAM COUNTER (HIGH) 





NEW PROGRAM COUNTER (LOW) 








Figure 24. Exception Vector Format 
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Figure 25. 
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Figure 26. Address Translated From 8-Bit Vector Number 


EXCEPTION PROCESSING 


Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a temporary 
copy of the status register is made, and the status register is 
set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the cur- 
rent processor contents. !n the fourth step a new context is 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS. Exception vectors are memory loca- 
tions from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two 
words in length (Figure 24), except for the reset vector, which 
is four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor pro- 
gram space. A vector number is an eight-bit number which, when 
multipled by four, gives the address of an exception vector. Vec- 
tor numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number (Figure 25) to the processor on data bus lines 
DO through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 26. The memory layout 
for exception vectors is given in Table 7. 


As shown in Table 7, the memory layout is 512 words long 
(1024 bytes). It starts at address 0 and proceeds through 
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address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user interrupt vectors. However, there 
is no protection on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS. Exceptions can be generated either 
internally or externally. Externally generated exceptions include 
interrupts (IRQ), bus error (BERRA), and reset (RESET) requests. 
Interrupts are requests from peripheral devices for processor 
action while BERR and RESET inputs are used for access con- 
trol and processor restart. Internally generated exceptions come 
from instructions, from address errors, or from tracing. The trap 
(TRAP), trap on overflow (TRAPV), check register against bounds 
(CHK) and divide (DIV) instructions can all generate exceptions 
as part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, inter- 
nally generated interrupt after each instruction execution. 











EXCEPTION PROCESSING SEQUENCE. Exception processing 
occurs in four identifiable steps. In the first step, an internal copy 
is made of the status register. After the copy is made, the S-bit 
is asserted, putting the processor into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception 
handler to execute unhindered by tracing. For the reset and inter- 
rupt exceptions, the interrupt priority mask is also updated. 
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Table 7. Exception Vector Assignment 


Vector 
Number(s) Assignment 
_Reset: Initial SSP 


Reset: Initial PC 





Bus Error 


8 


spa 


Address Error 


Illegal Instruction 


Zero Divide 














CHK Instruction 
TRAPV Instruction 





Privilege Violation 





Trace 


Line 1010 Emulator 





g 


: ‘ 





Uninitialized interrupt Vector 
(Unassigned, reserved) 





Spurious Interrupt 





Level 1 Interrupt Autovector 





Level 2 Interrupt Autovector 


wn 


Level 3 Interrupt Autovector 


Level 4 Interrupt Autovector 
; Level 5 Interrupt Autovector 
Level 6 Interrupt Autovector 








Level 7 Interrupt Autovector 
TRAP Instruction Vectors 





9S 


Oo 
oO 
7 





(Unassigned, reserved) 








User Interrupt Vectors 


“Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned 
these numbers. 
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Figure 27. Exception Stack Order (Groups 1 and 2) 


In the second step, the vector number of the exception is deter- 
mined. For interrupts, the vector number is obtained by a 
processor fetch, classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the vector number. This 
vector number is then used to generate the address of the excep- 
tion vector. 


The third step is to save the current processor status except for 
the reset exception. The current program counter value and the 
saved copy of the status register are stacked using the super- 
visor stack pointer as shown in Figure 27. The program counter 
value stacked usually points to the next unexecuted instruction; 
however, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented 
from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the 
bus error and address error exceptions. 


The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The 
processor then resumes instruction execution. The instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 


MULTIPLE EXCEPTIONS. These paragraphs describe the proc- 
essing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The Group 0 exceptions are reset, bus 
error, and address error. These exceptions cause the instruc- 
tion currently being executed to be aborted, and the exception 
processing to commence within two clock cycles. The Group 1 
exceptions are trace and interrupt, as well as the privilege viola- 
tions and illegal instructions. These exceptions allow the cur- 
rent instruction to execute to completion, but preempt the execu- 
tion of the next instruction by forcing exception processing to 
occur (privilege violations and illegal instructions are detected 
when they are the next instruction to be executed). The Group 2 
exceptions occur as part of the normal processing of instruc- 
tions. The TRAP, TRAPV, CHK, and zero divide exceptions are 
in this group..For these exceptions, the normal execution of an 
instruction may lead to exception processing. 


Group 0 exceptions have highest priority, while Group 2 excep- 
tions have lowest priority. Within Group 0, reset has highest 
Priority, followed by address error and then bus error. Within 
Group 1, trace has priority over external interrupts, which in turn 
takes priority over illegal instruction and privilege violation. Since 
only one instruction can be executed at a time, there is no priority 
relation within Group 2. 
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Table 8. Exception Grouping and Priority 


| Group | Exception Processing 


Address Error 

Bus Error 
The priority relation between two exceptions determines which 
is taken first if the conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction proc- 
essing is aborted. In another example, if an interrupt request 
occurs during the execution of an instruction while the T-bit is 
asserted, the trace exception has priority, and is processed first. 
Before instruction processing resumes, however, the interrupt 
exception is also processed, and instruction processing com- 
mences finally in the interrupt handler routine. Table 6 gives a 
summary of exception grouping and priority. 


Exception processing begins 
within two clock cycles. 


Interrupt 
lilegal Instruction 
Privilege Violation 


TRAP, TRAPV, CHK, 
Zero Divide 


Exception processing begins 
before the next instruction. 





Exception processing is started 
by normal instruction execution 


EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources, and each exception has 
@ unique processing sequence. The following paragraphs detail 
the sources of exceptions, how each arises, and how each is 
processed, 


RESET. The reset input provides the highest exception level. 
The processing of the reset signal is designed for system initia- 
tion, and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the supervisor state and 
the trace state is forced off. The processor interrupt priority mask 
is set at level seven. The vector number is internally generated 
to reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made 
about the validity of register contents, in particular the super- 
visor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the reset 
exception vector is fetched as the initial program counter. Finally, 
instruction execution is started at-the address in the program 
counter. The powerup/restart code should be pointed to by the 
initial program counter. 


The RESET instruction does not cause loading of the reset vec- 
tor, but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and 
then continue processing with the next instruction. 
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INTERRUPTS. Seven levels of interrupt priorities are provided. 
Devices may.be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to interrupt 
the processor. Interrupt priority levels are numbered from one 
to seven, level seven being the highest priority. The status 
register contains a three-bit mask which indicates the current 
processor priority. Interrupts are inhibited for all priority levels 
less than or equal to the current processor priority. — 


An interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero indi- 
cates no interrupt request. Interrupt requests arriving at the 
processor do not face immediate exception processing, but are 
made pending. Pending interrupts are detected between instruc- 
tion executions. If the priority of the pending interrupt is lower 
than or equal to the current processor priority, execution con- 
tinues with the next instruction and the interrupt exception 
processing is postponed. (The recognition of level seven is 
slightly different, as explained in a following paragraph.) 


\f the priority of the pending interrupt is greater than the current 
processor priority, the exception processing sequence is started. 
First a copy of the status register is saved, and the privilege state 
is set to supervisor, then tracing is suppressed, and the 
processor priority level is set to the level of the interrupt being 
acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an interrupt 
acknowledge and displaying the level number of the interrupt 
being acknowledged on the address bus. If external logic 
requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to. be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then pro- 
ceeds with the usual exception processing, saving the program 
counter and status register on the supervisor stack. The saved 
value of the program counter is the address of the instruction 
which would have been executed had the interrupt not been 
present. The content of the interrupt vector whose vector number 
was previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 28, a timing diagram 
is given in Figure 29, and the interrupt exception timing 
sequence is shown in Figure 30. 


Priority level seven is a special case. Level seven interrupts can- 
not be inhibited by the interrupt priority mask, thus providing 
a ‘'non-maskable interrupt” capability. An interrupt is generated 
each time the interrupt request level changes from some Jower 
level to level seven. Note that a level seven interrupt may still 
be caused by the level comparison If the request level is a seven 
and the processor priority is set to a lower level by an instruction. 


UNINITIALIZED INTERRUPT. An interrupting device asserts 
VPA or provides an interrupt vector during an interrupt 
acknowledge cycle to the R68000. If the vector register has not 
been initialized, the responding R68000 Family peripheral will 
provide vector 15, the uninitialized interrupt vector. This provides 
a uniform way to recover from a programming error. 
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PROCESSOR 


REQUEST INTERRUPT 


INTERRUPTING DEVICE 


GRANT INTERRUPT 
1) COMPARE INTERRUPT LEVEL IN STATUS 
REGISTER AND WAIT FOR CURRENT 
INSTRUCTION TO COMPLETE 
2) PLACE INTERRUPT LEVEL ON Al, A2, A3 


3) SET FUNCTION CODE TO INTERRUPT 
ACKNOWLEDGE /- 

| 4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT DATA STROBES (LDS AND UDS") 











PROVIDE VECTOR NUMBER 
1) PLACE VECTOR NUMBER OF D0-D7 
2) ASSERT DATA TRANSFER 

ACKNOWLEDGE (DTACK) 












ACQUIRE VECTOR NUMBER 
1) LATCH VECTOR NUMBER 
2) NEGATE LDS AND UDS 
3) NEGATE AS 





RELEASE 
1) NEGATE DTACK 








START INTERRUPT PROCESSING 


*ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH 
DATA STROBES ARE ASSERTED DUE TO THE 
MICROCODE USED FOR EXCEPTION PROCESSING. THE 
PROCESSOR DOES NOT RECOGNIZE ANYTHING ON 
DATA LINES D8 THROUGH D15 AT THE TIME. 











Figure 28. Interrupt Acknowledge Sequence Flow Chart 


SPURIOUS INTERRUPT. If during the interrupt acknowledge 
cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. 
The processor separates the processing of this error from bus 
error by fetching the spurious interrupt vector instead of the bus 
error vector. The processor then proceeds with the usual excep- 
tion processing. 





INSTRUCTION TRAPS. Traps are exceptions caused by instruc- 
tions. They arise either from processor recognition of abnormal 
conditions during instruction execution, or from use of instruc- 
tions whose normal behavior is trapping. 
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R/W 


DTACK 
FCO-FC2 


IPLO-IPL2 


OF INSTRUCTION cL IACK CYCLE STACK AND. 
brea oR —> eof vecton NUMBER ACQUISITION) VECTOR FETCH Bm 
WRITE) (SSP) 


*ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D015 
AT THIS TIME. 








Figure 29. Interrupt Acknowledge Sequence Timing Diagram 














LAST BUS CYCLE 
OF INSTRUCTION 
(DURING WHICH 
INTERRUPT WAS 
RECOGNIZED) 


IACK 
CYCLE 
(VECTOR NUMBER 
ACQUISITION) 


STACK STACK 
STATUS 


(AT SSP-6) 


STACK 


PCL 
(AT SSP-2) 


PCH 
(AT SSP-4) 










FETCH FIRST NOTE: 
WORD OF SSP REFERS TO THE 








‘READ READ 






ven yori INSTRUCTION VALUE OR THE SUPER- 
mraeen ‘aos OF INTERRUPT. VISOR STACK POINTER 


ROUTINE BEFORE THE INTERRUPT 
OCCURS 








Figure 30. Interrupt Exception Timing Sequence 


1-27 





R68000. 





Some instructions are used specifically to generate traps. The 


".:, TRAP instruction always forces an exception, and is useful for 


’ implementing system calls for user programs. The TRAPV and 
CHK instructions force an exception if the user program detects 
a runtime error, which may be an arithmetic overflow or a 
subscript out of bounds. 


The signed divide (DIVS) and unsigned divide (DIVU) instruc- 
tions will force an exception if a division operation is attempted 
with a divisor of zero. 


ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. Illegal 
instruction refers to any of the word bit patterns which are not 
the bit pattern of the first word of a legal instruction. During 
instruction execution, if such an instruction is fetched, an illegal 
instruction exception occurs. Rockwell reserves the right to 
define instructions whose opcodes may be any of the illegal 
instructions. Three bit patterns will always force an illegal instruc- 
tion trap on-all R68000 Family compatible microprocessors. They 
are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA 
and $4AFB, are reserved for Rockwell system products. The third 
pattern, $4AFC, is reserved for customer use. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 
are distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect pro- 
gram errors, or to emulate unimplemeénted instructions in 
software. 


PRIVILEGE VIOLATIONS. In order to provide system security, 
various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause 
an exception. The privileged instructions are: 


STOP AND Immediate to SR 
RESET EOR Immediate to SR 
RTE OR Immediate to SR 
MOVE USP MOVE te SR 


TRACING. To aid in program development, the R68000 includes . 


a facillty to allow instruction by instruction tracing. In the trace 
state, after each instruction is executed an exeception is forced, 
allowing a debugging program to monitor the execution of the 
program under test. 


The trace facility uses the T-bit in the supervisor portion of the 
status register. If the T-bit is negated (off}, tracing is disabled, 
and instruction execution proceeds from instruction to instruc- 
tion as normai. If the T-bit is asserted (on) at the beginning of 
the execution of an instruction, a trace exception will be 
generated after the execution of that instruction is completed. 
If the instruction is not executed, elther because an interrupt 
is taken, or the instruction is illegal or privileged, the trace excep- 
tion does not occur. The trace exception also does not occur 
if the instruction is aborted by a reset, bus error, or address error 
exception. If the instruction is indeed executed anc an interrupt 


1-28 


16-Bit MPU 


is pending on completion, the trace exception is processed 


before the interrupt exception. If, during the execution of the 


instruction, an exception is forced by that instruction, the forced 
exception is processed before the trace exception. 


As an extreme illustration of the above rules, consider the arrival 
of an interrupt during the execution of a TRAP instruction while 
tracing is enabled. First the trap exception is processed, then 
the trace exception, and finally the interrupt exception. Instruc- 
tion execution resumes in the interrupt handler routine. 


BUS ERROR. Bus error exceptions occur when the external logic 
requests that a bus error be processed by an exception. The 
current bus cycle which the processor is making is then aborted. 
Whether the processor was doing instruction or exception 
processing, that processing is terminated, and the processor 
immediately begins exception processing. 


Exception processing for bus error fallows the usual sequence 
of steps. The status register is copied, the supervisor state is 
entered, and the trace state is turned off. The vector number 
is generated to refer to the bus error vector. Since the processor 
was not between instructions. when the bus: error exception 
request was made, the context of the processor is more detailed. 
To: save more of this context, additional information is saved on 
the supervisor stack. The program counter and the copy of the 
status register are of course saved. The value saved for the pro- 
gram counter is advanced by some amount, two to ten bytes 
beyond the address of the first word of the instruction which 
made the reference causing the bus error. If the bus error 
occurred during the fetch of the next instruction, the saved pro- 
gram counter has a value in the vicinity of the current instruc- 
tion, even if the current instruction is a branch, a jump, or a return 
instruction. Besides the usual information, the processor saves 
its internal copy of the first word of the instruction being 
processed, and the address which was being accessed by the 
aborted bus cycle. Specific information about the access is also 
saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error 
occurred. The processor is processing an instruction if in the 
normal state or processing a Group 2 exception; the processor 
is not processing an instruction when processing a Group 0 or 
a Group 1 exception. Figure 31 illustates how the information 
is organized.on the supervisor stack. Although this information 
is not sufficient to effect full recovery from the bus error, it does 
allow software diagnosis. Finally, the processor commences 
instruction processing at the address contained in the vector. 
it is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 


If a bus error occurs during the exception processing for a bus 
error, address error; or reset, the processor is halted, and all 
processing ceases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the RESET 
pin can restart a halted processor. 
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Figure 31. Supervisor Stack Order (Group 0) 
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Figure 32. Address Error Timing 


ADDRESS ERROR. Address error exceptions occur when the 
processor attempts to access a word or a long word operand 
or an instruction at an odd address. The effect is much like an 
internally generated bus error, so that the bus cycle is aborted, 
and the processor ceases whatever processing it is currently 
doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for 
bus error including the information that is stacked, except that 
the vector number refers to the address error vector instead. 
Likewise, if an address error occurs during the exception 
processing for a bus error, address error, or reset, the processor 
is halted. As shown in Figure 32, an address error will execute 
a short bus cycle followed by an exception processing. 
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INTERFACE WITH R6500 PERIPHERALS 


Rockwell’s line of R6500 peripherals are directly compatible with 
.the R68000. Some of these devices that are particularly useful 
are: 

R6520 
R6522 
R6545 
R6551 


Peripheral interface Adapter (PIA) 

Versatile Interface Adapter (VIA) 

CRT Controller (CRTC) 

Asynchronous Communication Interface Adapter 
(ACIA) , 


To interface the synchronous R6500 peripherals with the asyn- 


chronous R68000, the processor modifies its bus cycle to meet 


the R6500 cycle requirements whenever an R6500 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 33 is a flow chart of the interface 
operation between the processor and R6500 devices. 6800 
peripherals are also compatible with the R68000 processor. 


DATA TRANSFER OPERATION 


Three signals on the processor provide the R6500 interface. 
They are: enable (E), valid memory address (VMA), and valid 
Peripheral address (VPA). Enable corresponds to the E or 02 
signal in existing R6500 systems. The bus frequency is one tenth 
of the incoming R68000 clock frequency. The timing of E allows 
1 MHz peripherals to be used with an 8 MHz R68000. Enable 

_ has a 60/40 duty cycle; that is, it is low for six input clocks and 
high for four input clocks. This duty cycle allows the processor 
to do successive VPA accesses on successive E pulses. 


Figures 34 and 35 give a general R6500 to R68000 interface 
timing, while Figures 36 and 37 detail the specific timing 
parameters involved in the interface. At state zero (SO) in the 
cycle, the address bus is in the high-impedance state. A func- 
tion code is asserted on the function code output lines. One- 
half clock later, In state 1, the address bus is released from the 
high-impedance state. 


During state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. If the bus cycle 
is a read cycle, the upper and/or lower data strobes are also 
asserted in state 2. If the bus cycle is a write cycle, the read/write 
(R/W) signal is switched to a low (write) during state 2. One-half 
clock later, in state 3, the write data is placed on the data bus, 
and in state 4 the data strobes are issued to indicate valid data 
on the data bus. The processor now inserts wait states until it 
recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the 
bus is the address of an R6500 device (or an area reserved for 
R6500 devices) and that the bus should conform to the $2 
transfer characteristics of the R6500 bus. Valid peripheral 
address (VPA) is derived by decoding the address bus, 
conditioned by address strobe (AS). Chip select for the R6500 
peripherals should be derived by decoding the address bus con- 
ditioned by VMA. 


After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
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chip select equation of the peripheral. This ensures that the 
R6500 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 
of the E signal. Figures 34 and 35 depict the best and worst case 
R6500 cycle timing. This cycle length is dependent strictly upon 
when VPA is asserted in relationship the E clock. 


If we assume that external circuitry asserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 


‘extra’ wait cycles will be inserted prior to the recognition of 


VPA assertion and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. in 
any case, the synchronization delay will be some integral number 
of clock cycles within the following two extremes: 

1. Best Case—VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three clock 
cycles after E falls). 

2. Worst Case—VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises (or four clock 
cycles after E falls). 


Near. the end of a read cycle, the processor latches the 
peripheral’s data in state 6. For all cycles, the processor negates 
the address and.data strobes one-half clock cycle later in state 7, 
and the Enable signal goes low at this time. Another half clock 
later, the address bus is put in the high-impedance state. Upon 
write cycle completion, the data bus is put in the high-impedance 
state and the read/write signal is switched high. The peripheral 
logic must remove VPA within one clock after address strobe 
is negated. 


DTACK should not be asserted while VPA is asserted. Note 
that the R68000 VMA is active low. This allows the processor 
to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 


INTERRUPT OPERATION 


During an interrupt acknowledge cycle while the processor is 
fetching the vector, if VPA is asserted, the R68000 will assert 
VMA and compiete a normal R6500 read cycle as shown in 
Figure.38. The processor will then use an internally generated 
vector, called an autovector, that is a function of the interrupt 
being served. The seven autovectors are vector numbers 25 
through 31 (decimal). 


Autovectors operate in the same fashion (but are not restricted 
to) the R6500 interrupt sequence. The basic difference is that 
there are six normal interrupt vectors and one NMI type vector. 
As with both the R6500 and the R68000’s normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 


Since VMA is asserted during autovectoring, the R6500 
peripheral address decoding should prevent unintended 
accesses. , 
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: Figure 34. F68000 to R6500 Peripheral Timing—Best Case 
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Figure 35. R68000 to R6500 Peripheral Timing—Worst Case 
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PROCESSOR | SLAVE 
INITIATE CYCLE 
1) THE PROCESSOR STARTS A 
NORMAL READ OR WRITE CYCLE 


DEFINE R6500 CYCLE 
1) EXTERNAL HARDWARE ASSERTS 
VALID PERIPHERAL ADDRESS (VPA) 


SYNCHRONIZE WITH ENABLE 
1) THE PROCESSOR MONITORS ENABLE 
(E) UNTIL IT iS LOW (PHASE 1) 
2) THE PROCESSOR ASSERTS VALID 
MEMORY. ADDRESS (VMA) 


TRANSFER DATA 

1) THE PERIPHERAL WAITS UNTIL E 
1S ACTIVE AND THEN TRANSFERS 
THE DATA 


TERMINATE CYCLE 

1) THE PROCESSOR WAITS UNTIL E 
GOES LOW. (ON A READ CYCLE THE 
DATA IS LATCHED AS E GOES LOW 
INTERNALLY) 

2) THE PROCESSOR NEGATES VMA 

3) THE PROCESSOR NEGATES AS, UDS, 
and LDS 





START NEXT CYCLE 


Figure 33. R6500 interfacing Flow Chart 


DATA TYPES AND ADDRESSING MODES 


Five basic data types are supported. These data types are: 
Bits 
BCD Digits (4-bits) 
Bytes (8-bdits) 
Word (16-bits) 
Long Words (32-bits) 


In addition, operations on other data types such as memory 
addresses, status word data, etc., are provided for in the instruc- 
tion set. , 


The 14 addressing modes, shown in Table 9, include six basic 
types: 
Register Direct 
Register Indirect 
Absolute 


Program Counter Relative 
Implied 
Immediate 
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Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


Table 9. Addressing Modes 





Generation 


Register Direct Addressing 
Data Register Direct 
Address Register Direct 


Absolute Data Addressing 
| Absolute Short 
Absolute Long 


(Next Word) 
(Next Two Words) 





Program Counter Relative 
- Addressing 
Relative with Offset 
Relative with Index and Offset 


PC) + dig 
PC) + (Xn) + dg 





Register Indirect Addressing 
Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 

Indexed Register Indirect with Offset 


An-~« An ~ N, EA = (An) 
EA = 
EA = 


(An) + dig 
(An) + (Xn + dg 


Immediate Data Addressing 
Immediate 
Quick Immediate _ 


DATA = Next Word(s) 
Inherent Data 


EA = SRA, USP, SP, PC 


N = 1 for Byte, 2 for 
Words and 4 for 
Long Word. If An 
is the stack pointer 
and the operand 
size Is byte, N = 2 
to keep the stack. 
pointer on a word 
boundry. 

-~« = Replaces 


Implied Addressing 
Implied Register 


NOTES: . 

EA Effective Address 

An = Address Register - 
..Dn ‘= Data Register 

Xn Address or Data Register 
used as Index Register 
Status Register 
Program Counter 
Contents of 
Eight-bit Offset 
(displacement) 
= Sixteen-bit Offset 

(disptacement) 


nou ou oo 








INSTRUCTION SET OVERVIEW 


The R68000 instruction set is shown in Table 10. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 11. Special emphasis has been given to the 
instruction set’s support of structured high-level languages to 
facilitate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 
instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, ‘‘quick’’ arithmetic 
operations. BCD arithmetic and expanded operations (through 
traps). 
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NOTE: THIS TIMING DIAGRAM IS INCLUDED FOR THOSE WHO WISH TO DESIGN THEIR OWN CIRCUIT TO GENERATE VMA. 
IT SHOWS THE WORST CASE POSSIBLY ATTAINABLE. 
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A1-A3 
A4-A23 
AS 
ups’ 
Los 
RAW 
DTACK 
D8-D15 


D0-D7 
FCO-FC2 


IPLO-IPL2. 


NORMAL _, |. | 
foe CYCLE —>|«<——— AUTOVECTOR OPERATION» 


*ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH © 
D15 AT THIS TIME. , 








Figure 38. Autovector Operation Timing Diagram 
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Table 10. 





Instruction Set Summary 


























[meme [vit [ues | tan Ti 
ADBC Add Decimal with Extend EOR Exclusive Or 
ADD Add EXG Exchange Registers 
AND Logical And EXT Sign Extend 
ASL Arithmetic Shift Left 
ASR | Arithmetic Shift Right JMP 
- JSA Jump to Subroutine 
Bcc Branch Conditionally = 
BCHG Bit Test and Change ~ LEA Load Effective Address 
BCLR Bit Test and Clear LINK | Link Stack 
BRA Branch Always LSL Logical Shift Left 
BSET Bit Test and Set LSR Logical Shift Right 
BSR Branch to Subroutine ; 
BTST" Bit Test MOVE Move 
1 MULS | Signed Multiply 
CHK Check Register Against MULU Unsigned Multiply 
Bounds 
CLR Clear Operand NBCD ‘Negate Decimal with Extend 
CMP Compare NEG Negate 
4 NOP No Operation 
DBcc Test Condition, Decrement and NOT™ One’s Complement 
Branch 
DIVS Signed Divide OR. Logical Or 
DIVU ‘Unsigned Divide 
Table 11. Variations of Instruction Types 


Instruction | | 
Type Variation Description 





EOR 
EORI 2 
EORI to CCR 


EORI to SR 


ADD 
ADDA 
ADDQ 
ADDI 
: ADDX 
AND 
ANDI ; 
ANDI to CCR 
ANDI to SR 


Add 
Add Address 
Add Quick 


‘Add Immediate 


Add with Extend 


Logical And 

And immediate 

And Immediate to 
Condition Codes 

And Immediate to 
Status Register 


Compare ; 
Compare Address 


-Compare Memory 


Compare Immediate 


Exclusive Or 


‘Exclusive Or Immediate 


Exclusive Or Immediate 
to Condition Codes — 

Exclusive Or tmmediate 
to Status Register 


Description 





Push Effective Address. 


Reset External Devices 
Rotate Left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 

Return from Subroutine 


| Subtract Decimal with Extend. 
Set Conditional 

Stop 

Subtract 

Swap Data Register Halves 





Test and Set Operand 
Trap 

Trap ‘on Overflow 

Test 








MOVE 

MOVEA 
MOVEM 
MOVEP 
MOVEQ 

MOVE from SA 
MOVE .to SA 


MOVE to CCR | 
| MOVE USP 
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OR 
ORI 


ORI to CCR 


ORI to SF: 








Unlink 


Instruction . 
Type Variation Description 


Move 

Move Address 

Move. Multiple Registers 
Move Peripheral Data 
Move Quick. 

Move from Status Register 
Move to Status Register 
Move to Condition Codes 
Move User Stack Pointer 


Negate . 
Negate with Extend , 


Logical Or 

Or Immediate 

.. Or Immediate to Condition Codes 
' Or Immediate to 

- Status Register 


Subtract 

Subtract Address 
Subtract Immediate 
Subtract Quick 
Subtract with Extend 
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The following paragraphs contain an overview of the form and 
structure of the R68000 instruction set. The instructions form 
a set of tools that include all the machine functions to perform 
the following operations: 

Data Movement 

Integer Arithmetic 

Logical 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 


The complete range of instruction capabilities combined with 
the flexible addressing modes described previously provide a 
very flexible base for program development. 


ADDRESSING 


Instructions for the R68000 contain two kinds of information: the 
type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods used 
‘to locate (address) the operand(s) are explained in the follow- 
ing paragraphs. 


instructions specify an operand location in one of three ways: 
Register Specification — the number of the register is given 
in the register field of the 
instruction. 

—use of the different effective 
address modes. , 

— the definition of certain instructions 
implies the use of: specific 
registers. 


Effective Address 


Implicit Reference 


DATA MOVEMENT OPERATIONS 


The move (MOVE) instruction provides a means for data acquisi- 
tion (transfer and storage). The move instruction and the effec- 
tive addressing modes allow both address and data manipula- 
tion. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory 
to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers 
and ensure that only legal address manipulations are executed. 
In addition to the general move instruction there are several 
special data movement instructions: move multiple registers 
(MOVEM), move peripheral data (MOVEP), exchange registers 
(EXG), load effective address (LEA), push effective address 
(PEA), link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 12 summarizes the data movement operations. 


INTEGER ARITHMETIC OPERATIONS 


The arithmetic operators include the four basic operations of add 
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well 
as arithmetic compare (CMP), clear (CLR), and negate (NEG). 
The add and subtract instructions are available for both address 
and data operations, and with data operations accepting alll 
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Table 12. Data Movement Operations 











(EA) An, Dn 
MOVEM 16, 32 An, Dn EA 
(EA) »Dn- 
MOVEP 16, 32 Dn = (EA) 
MOVEQ 8 foo Dn 


| cee i a Pee (EC EE 2 rr 
PEA 32 EA » —(SP) 





Dn[31:16]~=Dn[15:0] 














An --Sp 
(SP) + -»An 
NOTES: 
s = source -( ) = indirect with predecrement 
d = destination ( )+ = indirect with postdecrement 
{ ] = bit number . # = immediate data 





operand sizes. Address operations are limited to legal address 
size operands (16 or 32 bits). Data, address, and memory com- 
pare operations are also available. The clear and negate instruc- 
tions may be used on all sizes of data operands. 


The multiply and divide operations are available for signed and 
unsigned operands using word multiply to produce a long word 
product, and along word dividend with word divisor to produce 
a word quotient with a word remainder. 


Multiprecision and mixed size arithmetic can be accomplished 
using a set of extended instructions. These instructions are: add 
extended (ADDX), subtract extended (SUBX), sign extend (EXT), 
and negate binary with extend (NEGX). 


A text operand (TST) instruction that sets the condition codes 
as a result of a compare of the operand with zero is available. 
Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 13 summrizes the integer 
arithmetic operations. 


INSTRUCTION FORMAT 


Instructions, as shown in Figure 39, vary from one to five words 
in length. The first word of the instruction, called the operation 
word, specifies the length of the instruction and the operation 
to be performed. The remaining words further specify the 
operands. These words are either immediate operands or exten- 
sions to the effective address mode specified in the operation 
word. 
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Table 13. Integer Arithmetic Operations PROGRAM/DATA REFERENCES 
The R6B000 separates memory references into two classes: pro- 
| instruction | Operand Size | Operation =| gram references, and data references. Program references 
8, 16, 32 Dn + (EA) »Dn reference that section of memory that contains the program 
(EA) + Dn (EA) being executed. Data references refer to that section of memory 
Sep (EA) + #xxx + (EA) that contains data. Operand reads are from the data space, 


16, 32 An + (EA) »An except in the case of the program counter relative addressing 
mode. All operand writes are to the data space. 



































ADDX 8, 16, 32 Dx + Dy + X »Dx 
Ui Oe ee REGISTER SPECIFICATION 
CLR 8, 16, 32 0 ~EA ; ; wae : . ie , 
The register field within an instruction specifies the register to 
8, 16, 32 Dn — (EA) be used. Other fields within the instruction specify whether the 
CMP ne = er register selected is an address or data register and how the 
‘eae ee. a y) ~ register is to be used. 
| _DIVs 32 + 16 Dn + (EA) Dn EFFECTIVE ADDRESS 
DIVU 32 + 16 Dn + (EA) ~Dn , Most instructions specify the location of an operand by using 
8 +16 (Dn)g + Dnig the effective address field in the operation word. For example, 
EXT 16 »42 (Dn);6 = Dngo Figure 40 shows the general format of the single effective 
address instruction operation ward. The effective address is com- 
MULS posed of two 3-bit fields: the mode field, and the register field. 
MULU Dn x (EA) »Dn The value in the mode field selects the different address modes. 
The register field contains the number of a register. 
NEG 8, 16, 32 0 — (EA) (EA) 
[  NEGX 0 — (EA) - X +(EA) The effective address field may require additional information 
to fully specify the operand. This additional information, called 
8, 16, 32 Dn — (EA) + Dn the effective address extension, is contained in the following 
SUB (EA) - Dn (EA) word or words and is considered part of the instruction, as shown 
(EA) — #xxx -» (EA) peas , : 
16, 32 An - (EA) An in Figure 39. The effective address modes are grouped into three 
categories: register direct, memory addressing, and special. 
Dx -— Dy - X -—Dx 
eee as ie —(Ax) - —fAy) — X > (An REGISTER DIRECT MODES. These effective addressing modes 
TAS 8 [EA] - 0, 1 »EAI7] specify that the operand is in one of the 16 multifunction 
registers. 
NOTES: Data Register Direct. The operand is in the data register 
[ ] = bit number specified by the effective address register field. 
-( ) = indirect with predecrement S 
( )+ = indirect with postdecrement Address Register Direct. The operand is in the address register 
# = immediate data specified by the effective address register field. 





MEMORY ADDRESS MODES. These effective addressing 
modes specify that the operand is in memory and provide the 
specific address of that operand. 


15 14 13 12 11 10 9 8 7 6 5 


OPERATION WORD 
(FIRST WORD SPECIFIES OPERATION AND MODES) 
IMMEDIATE OPERAND 
(IF ANY, ONE OR TWO WORDS) 








SOURCE EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 
DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 











Figure 39. Instruction Format 
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3. 2 1 


EFFECTIVE ADDRESS 
MODE ‘REGISTER 








Figure 40. Single-Effective-Address Instruction Operation Word General Format 


Address Register Indirect. The address of the operand is in 
the address register specified by the register field. The reference 
is classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 


Address Register indirect With Postincrement. The address 
of the operand is in the address register specified by the register 
field. After the operand address is used, it is incremented by 
one, two or four depending upon whether the size of the operand 
is byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is incremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference classifies as a data reference. 


Address Register Indirect With Predecrement. The address 
of the operand is in the address register specified by the register 
field. Before the operand address is used, it is decremented by 
one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack 
pointer and the-operand size is byte, the address is decremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference is classified ds a data reference. 


Address Register Indirect with Displacement. This address 
mode requires one word of extension. The address of the 
operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference classifies as a data reference with the 
exception of the jump to subroutine instructions. 


Address Register Indirect With Index. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the address register, the sign-extended 
displacement integer in the low order eight bits of the extension 
word, and the contents of the index register. The reference is 
classified as a data reference with the exception. of the jump 
and jump to subroutine instructions. 


SPECIAL ADDRESS MODE. The special address modes use 
the effective address register field to specify the special address- 
Ing mode instead of a register number. 


Absolute Short Address. This address mode requires one word 
of extension. The address of the operand is the extension word. 
The 16-bit address is sign extended before it is used. The 
reference classifies as a data reference with the exception of 
the jump and jump to subroutine instructions. 


Absolute Long Address. This address mode requires two words 
of extension. The address of the operand is developed by the 
concatenation of the extension words. The high-order part of 
the address is the first extension word; the low-order part of the 
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address is the second extension word. The reference classifies 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 


Program Counter With Displacement. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the program counter and the sign- 
extended 16-bit displacement integer in the extension word. The 
value in the program counter is the address of the extension 
word. The reference classifies as a program reference. 


Program Counter With index. This address mode requires one 
word of extension. This address sums the addresses in the pro- 
gram counter, the sign-extended displacement integer in the 
lower eight bits of the extension word, and the contents of the 
index register. The value in the program counter is the address 
of the extension word. oils reference classifies as a program 
reference. 


Immediate Data. This address mode requires either one or two 
words of extension depending on the size of the operation. 
Byte Operation — operand is low order byte of exten- 
sion word 
Word Operation —~ operand is extension word 
Long Word Operation — operand is in the two extension 
words, high-order 16 bits are in the 
first extension word, low-order 16 
bits are in the second extension 
word. 


IMPLICIT REFERENCE 


Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor stack 
pointer (SSP), the user stack pointer (USP), or the status register 
(SR). 


A selected set of instructions may reference the status register 
by means of the effective address field. These are: 

ANDI to CCR 

ANDI to SR 

‘EORI to CCR 

EORI to SR 

MOVE to CCR 

MOVE to SR 

MOVE from SR 

ORI to CCR 

ORI to SR 


EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 14 summarizes the effective addressing modes discussed 
in the previous paragraphs. 
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Table 14. Effective Address Encoding Summary 


000 register number 


Addressing Mode 


Address Register Indirect with 
Postincrement 





Address Register Indirect with 
Predecrement 


Address Register Indirect with 
Displacement 


Address Register Indirect with 
Index 


Absolute Short 
Absolute Long 


Program Counter with 
Displacement 


Program Counter with Index 





Immediate 





SYSTEM STACK. The system stack is used implicitly by many 
instructions; user stacks and queues may be created and main- 
tained through the addressing modes. Address register seven 
(A7) is the system stack pointer (SP). The system stack pointer 
is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S-bit in the status 
register. If the S-bit indicates supervisor state (High), SSP is the 
active system stack pointer, and the USP cannot be referenced 
as an address register. If the S-bit indicates user state (Low), 
the USP is the active system stack pointer, and the SSP can- 
not be referenced. Each system stack fills from high memory 
to low memory. 


LOGICAL OPERATIONS 


Logical operation instructions AND, OR, EOR, and NOT are. 


available for all sizes of integer data operands. A similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these 
logical operations with all sizes of immediate data. Table 15 sum- 
marizes the logical operations. 


SHIFT AND ROTATE OPERATIONS 


Shift operations in both directions are provided by arithmetic 
instructions ASR and ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera- 
tions can be performed in either registers or memory. Register 
shifts and rotates support all operand sizes and allow a shift 
count specified in a data register. 
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Table 15. Logical Operations 


Operand Size 
| OR 8, 16, 32 


EOR 8, 16, 32 













Instruction Operation 


DnA(EA) Dn 
(EA)ADn +(EA) 
(EA)A#xxx (EA) 


Dn » (EA) Dn 
(EA) » Dn (EA) 
(EA) » #xxx (EA) 


(EA) @ Dy »(EA) 
(EA) @ #xxx -»(BA) 


“~ (EA) (EA) 

















NOTES: 

~ = invert vy = logical OR 

# = immediate data @ = logical exclusive OR 
A =. logical AND 





| 





Memory shifts and rotates are for word operands only and allow 
only single-bit shifts or rotates. 


Table 16 summarizes the shift and rotate operations. 


BIT MANIPULATION OPERATIONS 


The. following instructions provide bit manipulation operations: 
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR), 
and bit test and change (BCHG). Table 17 is a summary of the 
bit manipulation operations. (Bit 2 of the status register is Z.) 


Table 16. Shift and Rotate Operations 


Operand 

Size Operation 
XG] {=} 
8, 16, 32 
; 


oo) —— 
= na 
= | =o 
a | 
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Table 17. Bit Manipulation Operations _ 


~ bit of (EA) »Z 


~ bit of (EA) »Z 
1 bit of EA 










~ bit of (EA) »2Z 
0 bit of EA 


~ bit of (EA) »Z 
~ bit of (EA) bit of EA 








NOTE: ~ = invert 








BINARY CODED DECIMAL OPERATIONS 


The following instructions accomplish multiprecision arithmetic 
operations on binary coded decimal numbers: add decimal with 
extend (ABCD), subtract decimal with extend (SBCD), and 
negate decimal with extend (NBCD). Table 18 summarizes the 
binary coded decimal operations. 


PROGRAM CONTROL OPERATIONS 


Program control operations implementation requires a series of 
conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 19. 


The conditional instructions provide setting and branching for 
the following conditions: 
CC — carry clear 


CS — carry set 
EQ — equal 
F — never true 


GE — greater or equal 
GT — greater than 

HI — high 

LE — less or equal 
LS — low or same 

LT — less than 


MI — minus 

NE — not equal 
PL — plus 

T — always true 


VC — no overflow 
VS — overflow 


Table 18. Binary Coded Decimal Operations 





Operand Size 


Instruction Operation 


Dxig + Dyio + X Dx 
—(Axi9 + —(Ay)10 + x (Ax) 


Dx1q - Dyy9q - X Dx 
—(Ax)10 -— -(Ay)1o - X » (Ax) 


; 0 -— (EA)1ig — X (EA) 
NOTE: -( ) = indirect with predecrement 











Table 19. Program Control Operations 









Operation 






Conditional 
Bcc 





Branch conditionally (14 conditions) 
8- and 16-bit displacement 


Test condition, decrement, branch 
16-bit displacement 


OBcc 










Scc 
Unconditional 






Set byte conditionally (16 conditions} 





















BRA Branch always 
8- and 16-bit displacement 
BSR Branch to subroutine 
8- and 16-bit displacement 
JMP Jump 
JSR Jump to subroutine 
Returns 
RTR Return and restore condition codes 
RTS Return from subroutine 





SYSTEM CONTROL OPERATIONS 


System control operations are accomplished by using privileged 
instructions, trap generating instructions, and instructions that 
use or modify the status register. These instructions are sum- 
marized in Table 20. 


INSTRUCTION SET 


The following paragraphs provide information about the address- 
ing categories and instruction set of the R68000. 


ADDRESSING CATEGORIES 


Effective address modes may be categorized by the ways in 

which they may be used. The following classifications will be 

used in the instructions definitions. 

Data If an effective address mode may be used to refer 
to data operands, it is considered a data addressing 
effective address mode. 


If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 

If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered an 
alterable addressing effective address mode. 

If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered control addressing effective address 
mode. ; 


Memory 


Alterable 


Control 


Table 21 shows the various categories to which each of the effec- 
tive address modes belong. Table 22 is the instruction set 
summary. 
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Table 20. System Control Operations 














Operation 








Privileged 


ANDI to SR Logical ANDO to Status Register 
EORI to SR Logical EOR to Status Register 
MOVE EA to SR_ | Load New Status Register 
MOVE USP Move User Stack Pointer 

ORI to SR Logical OA to Status Register 
RESET Reset External Devices 

RATE Return from Exception 

STOP Stop Program Execution 













Trap Generating 
CHK 
TRAP 
TRAPV 


Status Register 
ANDI to CCA 
EORI to CCR 
MOVE EA to CCR 
MOVE SR to EA 
ORI to CCR 


Check Data Register Against Upper Bounds 
Trap 
Trap on Overflow 





































Lagical AND to Condition Codes 
Logical EOR to Condition Codes 
Load New Condition Codes 
Store Status Register 

Logical OR to Condition Codes 


The status register addressing mode is not permitted unless it 
is explicitly mentioned as a legal addressing mode. 


These categories may be combined, so that additional, more — 


restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 
memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


Table 21. 












Effective 
Address 





























010 Register Number 





Register Number 
Register Number 
Register Number 







d(An, ix) 
xxx. W 
xwooc.L 


d(PC) 
d(PC, ix) 
#XKX 


Register Number 
000 
001 














Modes Mode alle Register Data 
000 Register Number 
001 Register Number 


INSTRUCTION PREFETCH 


The R68000 uses a two-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is 
described in terms of the microcode operations involved. If the 
execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of the 


‘prefetch mechanism can be described. 


1) When execution of an instruction begins, the operation word 
and the word following have already been fetched. The opera- 
tion word is in the instruction decoder. 

2) In the case of multi-word instructions, as each additional word 
of the instruction is used internally, a fetch is made to the 
instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the 
operation word is discarded and decoding is started on the 
next instruction. 

4) If the instruction is a single-word instruction causing a branch, 
the second word is not used. But because this word is fetched 
by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5) In the case of an interrupt or trace exception, both words are 
not used. , 

6) The program counter usually points to the last word fetched 
from the instruction stream. 


INSTRUCTION EXECUTION TIMES 


The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. In this 
timing data, it is assumed that both memory read and write cycle 
times are four clock periods. Any wait states caused by a longer 
memory cycle must be added to the total instruction time. The 
number of bus read and write cycles for each instruction is 
enclased in parenthesis following the execution periods and is 
shown as (r/w) where r is the number of read cycles and w is 
the number of write cycles. , 


Effective Addressing Mode Categories 







Addressing Categories 




















Memory Control Alterable 





ale xxx [x | x 
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Table 22. Instruction Set 








Condition Codes 







Description 


i 
fal 


> 
is] 
{= 
; > 
> 
a 
Qa 
> 
a 
Qa 
=a 
oO 
oo 
7) 
ir) 
oO 
g 
5 
p 
fod 
°o 
— 
+ 
— 
n 
° 
Gq 
3 
a 
2&2 
oO 
oO 
oO 
=. 
= | 
wD 
—_ 
.) 
J 






~ (<bit number >) OF Destination ~Z 
BCHG Test a Bit and Change -| ~ (<bit number>) OF Destination + 





<bit number> OF Destination 


~ (<bit number>) OF Destination +Z 
BCLR i Test a Bit and Clear 0 -» <bit number> -»OF Destination 






Branch Always PC + d »PC , - 
eo : ~ (<bit number>) OF Destination ~Z 
re Tent a:Bit abd Se 1 += <bit number> OF Destination 










3 

a 
Pers? [tests id Ce mers) OF Oesiaton 2 
Tonk orek Pepe Aas aurea |On <0orOn> (cans) nenTRAP id 
rein [onarans pean it meme 
cur [eonpae SS SS—*d toon) = Gowe 
owen eompar saiess deste = owe 
(Gernsio) = onesie 

Ss 


(Destination) -— (Source) 







Compare Immediate 











A = logical AND = affected 





y = logical OR — = unaffected 
@ = logical exctusive OR 0 = cleared 
~ = logical complement 1 = set 

U = undefined 
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Table 22. Instruction Set (Continued) 


Condition Codes 
Description Operation ixiufz|v) c 


Exclusive OR Immediate 
ta Status Register 



















(Source) e SR »SA 







































































































EXG Exchange Register Rx-e-Ry 
EXT Sign Extend (Destination) Sign-Extended + Destination 0 
JMP Destination +» PC _ |—|-| _ 
JSR Jump to Subroutine PC + -(SP); Destination » PC = |—| =| = 
(EA ___ [lend Etecve naan ad Eel 
Link and Allocate An +(SP); SP An; SP + Displacement » SP = —|—| = 
LSL, LSA Logical Shift (Destination) Shifted by <count> -» Destination Pees ‘ 
MOVE Move Data from Source to Destination | (Source) + Destination | = |* | o| 0 
(Source) CCR pede de - 
Move to the Status Register (Source) + SA i = 
| Move from the Status Register SR » Destination - 
MOVE USP USP -» An; An USP =e 


ieee User Stack Pointer 









MOVEA Move Address (Source) -- Destination 










Register -» Destination 
(Source) -+- Registers 







Move Multiple Registers 











Move Peripheral Data (Source) » Destination 










































































UA ST iTS Fee ee ie | at) 














































Move Quick Immediate Data -» Destination 0 
Signed Multiply (Destination)X(Source) + Destination 0 
Unsigned Multiply (Destination)X(Source) -» Destination 0 
Negate Decimal with Extend 0 - (Destination)ig -— X + Destination 
Negate 0 - (Destination) -> Destination ¥! 
NEGX Negate with Extend 0 — (Destination) — X » Destination x 
NOP No Operation | — | = 
NOT | {Logical Complement = ~ (Destination) + Destination 0 0 
[oR inclusive OR Logical «= (Destination) » (Source) + Destination 0 
[ont inclusive OR Immediate -| (Destination) » Immediate Data ‘Destination (a) 
Lowen pare e (Source) » COR +CCR Ea 
fonwen: comes Soucy SA = SA | 
| PEA Push Effective Address <ea> -»— (SP) 
Reset External Device , — , ; {=| 
Rotate (Without Extend) (Destination) Rotated by <count> + Destination —f [| o] 
NOTES: 
A = logical AND - * = affected 
v = logical OR — = unaffected 
@ = logical exclusive OR O = cleared 
~ = logical complement 1 = set 
U = undefined: 
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Table 22. 


Instruction Set (Continued) 





Mnemonic Description 


ROXL, ROXR Rotate with Extend 


Condition Codes 


x|n}z [vo] 


Operation 


(Destination) Rotated by <count> -»Destination 





Return from Exception 
Return and Restore Condition Codes 
Return from Subroutine 


Subtract Decimal! with Extend 


(Destination);q — (Source)jq - X -» Destination 


(SP) + SR; (SP) + »PC 
(SP) + CC; (SP) + »PC 
(SP) + PC 











+— 
Set According to Condition 
Load Status Register and Stop 

SUBA Subtract Address 


| suaqs Subtract Quick 


If cc then 1’s Destination else 0’s - Destination 


Immediate Data -- SR; STOP 


Subtract Binary (Destination) - 


(Destination) - 


(Destination) - 


(Source) -» Destination 


(Source) -~ Destination 


SUBI Subtract Immediate (Destination) — immediate Data 5: Destination ee | eae 


Immediate Data + Destination 




















pSS2___ Subtract with Extend 


SWAP Swap Register Halves 


(Destination) — 


Register [31:16]~—»Register [15:0] 


(Source) 


— X -» Destination 














—t 
Test and Set an Operand 


(Destination) Tested CC; 1 --[7] OF Destination 





Trap on Overflow 


PC -» — (SSP); SR - - (SSP); (Vector) + PC 
tf » then TRAP 





Test and Operand 





(Destination) Tested + CC 
An -~SP; (SP) + -An 








[ ] = bit number * = affected 
A = logical AND — = unaffected 
v= logical OR 0 = cleared 

@ = logical exclusive OR 1 = set 

~ = logical complement U = undefined 





Note 


The number of periods includes instruction fetch and all 
applicable operand fetches and stores. 


EFFECTIVE ADDRESS OPERAND 
CALCULATION TIMING 


Table 23 lists the number of clock periods required to compute 
an instruction’s effective address. It includes fetching of any 
extension words, the address computation, and fetching of the 
memory operand. The number of bus read and write cycles is 


shown in parenthesis as (r/w). Note there are no write cycles. 


involved in processing the effective address. 


MOVE INSTRUCTION CLOCK PERIODS 


Tables 24 and 25 indicate the number of clock periods for the 
move instruction. This data includes instruction fetch, operand 
reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 








STANDARD INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 26 delineate the 
time required to perform the operations, store the results, and 
read the next instruction. The number of bus read and write 
cycles is shown in parenthesis as (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


In Table 26, the headings have the following meanings: 
An= address register operand, ODn=data register operand, 
ea=an operand specified by an effective address, and 
M=memory effective address operand. 


IMMEDIATE INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 27 includes the 
time to fetch immediate operands, perform the operations, store 
the results, and read the next operation. The number of bus read 
and write cycles is shown in parenthesis as (r/w). The number 
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Table 23. Effective Address Calculation Timing 







: _ Register 
Data Register Direct 
Address” Register Direct 









Dn 
An 

(An) 

(An) + 


— (An). 
d(An) 


Memory 
Address Register Indirect 











Radipaning Mode Byte, Word 







Address Register Indirect with Postincrement 


Address Register Indirect with Predecrement 
Address Register Indirect with Displacement 












d(An, ix)* 


yoo. W Absolute Short 






Absolute Long 









d(PC, ix)” 
AXKX 


Program Counter with Index 
Immediate 





Address Register Indirect with Index 


Program Counter with Displacement 









Long 


0(0/0) 
-0(0/0) 


0(0/0) 
ee 


“a(ti0). 
4(1/0) 


. 6(1/0) 
8(2/0) 


10(2/0) 
- 8(2/0) 


12(3/0) 
8(2/0) 


10(2/0) 
4(1/0) 








8(2/0) 
8(2/0) 


10(2/0) 
12(3/0) 


14(3/0) 
12(3/0) 


16(4/0) 
12(3/0) 


44(3/0) 




























































“The size of the index register (ix) does not affect execution time. 





Table 24. Move Byte and Word Instruction Clock Periods 


: ‘Destination 


~ (An) d(An, ix)* 





4(1/0) 
4(1/0) 
8(2/0) 


4(1/0) . 
4(1/0) 
B(2/0) 


B(1/1) 
8(1/1) 
12(2/1) 


12(2/1) 
14(2/1) 
16(3/1) 


8(1/1) 
8(1/1) 
12(2/1) 


12(2/1) 


14(2/1) 
16(3/1) 


10(2/0) 
12(3/0) 


10(2/0) 
12(3/0) . 


12(2/1) 





8(1/1) 


8(1/1) 
12(2/1) 


12(2/1) 
12(2/1) 
16(3/1) 


-46(3/1) 
18(3/1) 
20(4/1) 


14(2/1) 
14(2/1) 
18(3/1) 


~ 4803/1) 
20(3/1) 
22(4/1) 


12(2/1) 
12(2/1) 
16(3/1) 


16(3/1) 
18(3/1) 
20(4/1) 


16(3/1) 
16(3/1) 
20(4/1) 


20(4/1) 
22(4/1) 
24(5/1) 





14(2/1) 
16(3/1) 





14(3/0) 
12(3/0) 
16(4/0) 


d(An, ix)* 
xxx. W 
Xxx. 


d(PC) 
d(PC, ix)* 
#XXX 


14(3/0) 
12(3/0) 
16(4/0) 
12(3/0) 
14(3/0) 

8(2/0) 


18(3/1) 
16(3/1) 
20(4/1) 


16(3/1) 
18(3/1) 
12(2/1) 


18(3/1) 
16(3/1) 
20(4/1) 
16(3/1) 


18(3/1) 
12(2/1) 


12(3/0) 
14(3/0) 
8(2/0) 


of clock periods and the number of read and write cycles must 
be added respectively to those of the effective adress calcula- 
tion where indicated. 


In Table 27, the headings have the following meanings: 
#=immediate operand, Dn=data register operand, 
An=address register operand, M=memory operand, and 
SR = status register. 
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16(3/1) 
16(3/1) 
20(4/1) 


16(3/1) 
18(3/1) 
12(2/1) 


22(4/1) 
20(4/1) 
24(5/1) 


20(4/1) 
22(4/1) 
- 16(3/1) 


24(4/1) 
22(4/1) 
26(5/1) 


22(4/1) 
24(4/1) 
18(3/1) 


22(4/1) 
20(4/1) 
24(5/1) 


20(4/1) 
22(4/1) 
16(3/1) 


26(5/1) 
24(5/1) 
28(6/1) 


24(5/1) 
-26(5/1) 
20(4/1) 


SINGLE OPERAND INSTRUCTION CLOCK PERIODS 


Table 28 indicates the number of clock periods for the single 
operand instructions. The number of bus read and write cycles 
is shown in parenthesis as (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 
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Table 25. Move Long Instruction Clock Periods 


Te Te [en [one [wm [one [aan [ew [| 




















































4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 





























































12(3/0) 
14(3/0) 
16(4/0) 


18(4/0) 
16(4/0) 
20(5/0) 


12(3/0) 
44(3/0) 
16(4/0) 


18(4/0) 
16(4/0) 
20(5/0) 


20(3/2) 20(3/2) 
22(3/2) 22(3/2) 


24(4/2) 24(4/2) 


26(4/2) 26(4/2) * 26(4/2) 
24(4/2) 24(4/2) 24(4/2) 
28(5/2) 28(5/2). 28(5/2) 


20(3/2) 
22(3/2) 
24(4/2) 


24(4/2) 
26(4/2) 
28(5/2) 
30(5/2) 


28(5/2) 
32(6/2) 


26(4/2) 
-28(4/2) 
- 30(5/2) 


32(5/2) 
30(5/2) 
34(6/2) 


24(4/2) 
26(4/2) 
28(5/2) 


30(5/2) 
28(5/2) 
32(6/2) 


28(5/2) 
30(5/2) 
32(6/2) 


34(6/2) 
32(6/2) 
36(7/2) 



















































d(An, ix)* 
xx. W 
xxx.L 


















































16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) - 32(5/2) 
18(4/0) | 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 








“The size of the index register (ix) does not affect execution time. 


Table 26. Standard Instruction Clock Periods 


ee 
__8(110)+ 4110) + 


6(1/0) + ** 6(1/0) + ** 12(1/2) + 


Byte, Word - a 4(1/0) + 8(1/1) + 
Long 6(1/0) + ** 12(1/2) + 























~ 6(1/0) + 
158(1/0) + * 
140(1/0) + * 














4(1/0)*** g(a) + 


70(1/0) + * 
70(1/0) + * _ 


4(1/0) + 8(1/1) + 
6(1/0) + ** 12(1/2) + 
Byte, Word 8(1/0) + 4(1/0)+ ; ; 8(1/1)+ 
Long 6(1/0) + ** 6(1/0) + *" 12(1/2) + 




















+ add effective address calculation time 

T word or long only 

* indicates maximum value 
"** The base time of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time 

should also-bé added). , 

*** Only available effective address mode is data register direct 

‘DIVS, DIVU The divide algorithm used by the R68000 provides tess than 10% difference between the best and worst case timings. 
MULS, MULU The multiply algorithm requires 38 + 2n clocks where n is defined as: 

MULU: n = the number of ores in each <ea> 
MULU: n = concatanate the <ea> with a zero as the LSB; n is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst: 
case happens when the source is $5555. 





1-46 


R68000 _ | | 16-Bit MPU 








Table 27. Immediate Instruction Clock Periods 


Pees er ei ie ee 
ADDI Byte, Word is 8(2/0) eae ee eee a 12(2/)+ 













x0 mi vary 
2 Bie, Wor a a 














Long 


[880 










8(2/0) 
a2) 





Byte, Word 
CMPI cs Art 


3 


a CC 


a(1/1) + 


12(2/1) + 
20(3/2) + 





12(2/1) + 

1630 2037+ 
12(2/1) + 

i660) 20(372)+ 

2 Byte, Word 4(1/0) 8(1/0) 81/1) + 

= ee a ala 















+ add effective address calculation time 
* word only 


Table 28. Single Operand Instruction Clock Periods 


Byte, Word 410) 
Byt 


a(i7) 


















Byte, Word 4(1/0) 8(1/1) 4 
= ily Mallee 
























__Byte, Word ___8(1/1)+ , 
; Long 6(1/0) 12(1/2) + ; 
__ Byte, False : 4(1/0) 8(1/1) + aoe 
‘Byte, True 6(1/0) © (1/1) + 


NOT 
Scc 
a) 
byte, Ward a0) 
is (ne, eT ai) La 


+ add effective address calculation time nate 
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS CONDITIONAL INSTRUCTION CLOCK PERIODS 
Table 29 delineates the number of clock periods for the shift Table 31 delineates the number of clock periods required for 
and. rotate instructions. The number of bus read and write cycles the conditional instructions. The number of bus read and write 
is shown in parenthesis as: (r/w). The number of clock periods cycles is indicated in parenthesis as: (r/w). The number of clock 
and the number of read and write cycles must be added respec- periods and the number of read and write cycles must be added 
tively to those of the effective address calculation where respectively to those of the effective address calculation where 
indicated. indicated. 

BIT MANIPULATION INSTRUCTION CLOCK PERIODS JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK 
Table 30 indicates the number of clock periods required for the FERIODS 

bit manipulation instructions. The number of bus read and write Table 32 indicates the number of clock periods required for the 
cycles is shown in parenthesis as: (r/w). The number of clock jump, jump to subroutine, load effective address, push effec- 
periods and the number of read and write cycles must be added tive address, and move multiple registers instructions. The 
respectively to those of the effective address calculation where number of bus read and write cycles is shown in parenthesis 
indicated. as: (r/w). 


Table 29. Shift/Rotate Instruction Clock Periods 


Byte, Word 6 + 2n(1/0) 8(1/1) + 

a e+ ani) i ere 
Byte, Word 6 + 2n(1/0) 8(1/1) + ; 
Long | T+ ani [= eed 


6 + 2n(1/0) 
Long 8 + 2n(1/0) 


Byte, Word 6 + 2n(1/0) 


ae 


+ add effective address calculation time 
n is shift or rotate count 




















LSR, LSL 




















Byte, Word 









ROR, ROL 























ROXR, ROXL 












Table 30. Bit Manipulation Instruction Clock Periods 









Dynamic Static 











Register 












































































Instruction Size Register Memory Memory 
Byte _— 8(1/1}+ —_ 12(2/1) + 
= tong amy = eM 
Byte = aye [tee 
BCLA Long 10(1/0)* = nied Po ee ee, 
Byte - 8(1/1} + - 12(2/1) + 
RSET Long (1/0) = 12(2/0)" = 
Byte 4(1/0) + _— 8(2/0) + 
oe Ee ail = a (a Se 











+ add effective address calculation time 
* indicates maximum value 
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Table 31. Conditional Instruction Clock Periods 





Instruction Displacement Branch Taken . Branch Not Taken 





Byte 10(2/0 "8(1/0 


Bec Word | 10(2/0) ~~ -42(2/0) 


Byte . 10(2/0) 
ss Word 10(2/0) = 


Byte 18(2/2 eee 


Bor Word ane 18(2/2)_ _ . 
CC true _ 12(2/0 


DBcc CC false 10(2/0) 14(3/0) 























Table 32. JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS 


























































JMP zs 8(2/0) ux = 10(2/0) 14(3/0) 10(2/0) 12(3/0) 10(2/0) 14(3/0) 
———_4 
JSR za 16(2/2) = = 22(2/2) 18(2/2) 20(3/2) 18(2/2) 22(2/2) 
teas] — «| att) = = 8(2/0) 8(2/0) 12(3/0) 8(2/0) 12(2/0) 
PEA — | 12(1/2) = es = 16(2/2) 20(2/2) 16(2/2) 20(3/2) | 16(2/2) 20(2/2) | 
12 + 4n 12 + 4n 16 + 4n 18 +4n 16 + 4n 20 + 4n 16 + 4n 18 + 4n 
movem | “OF | ¢3 4 mio) | (3 + n/0) = (440) | (44 n0) | (4400) | (6 +70). | 4400) | (4 + nf) 
M-R 12 + 8n Bee 16 + &n 1B + 8n 16 + 8&n 20 + &n 16 + 8n 18 + Bn 
Lond | (3 + 2n/0) | (3 + 2n/0) = (4 + 2n/0) | (4 + 2/0) | (4 + 2n0) | (5 + 2n/0) | (4 + 2n/0) | (4 + 2n/0) 
8 + 4n — pe 
MOVEM we | Se oo) oS | 
AM 8 + 8n _ 8 + 6n — = 
Long | (aren) - (2/2n) — = 














n ts the number of registers to move 
* The size of the index register (ix) does not affect the instruction’s execution time 





Table 33. Muilti-Precision Instruction Clock Periods 


MULTI-PRECISION INSTRUCTION CLOCK PERIODS 


Table 33 delineates the number of clock periods for the multi- 
precision instructions. The number of clock periods includes the 
time to fetch both operands, perform the operations, store the 
results, and read the next instructions. The number of read and 
write cycles is shown in parenthesis as: (r/w). 







ra(sr) 


Byte 6(1/0) 18(3/1) 












In Table 33, the headings have the following meanings: Dn = data 
register operand and M=memory operand. 
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS EXCEPTION PROCESSING CLOCK PERIODS 

Table 34 and 35 indicate the number of clock periods for the Table 36 delineates the number of clock periods for exception 
- following miscellaneous instructions. The number of bus read processing. The number of clock periods includes the time for 

and write cycles, is shown in parenthesis as: (r/w). The number all stacking, the vector fetch, and the fetch of the first instruc- 

of clock periods plus the number of read and write cycles must tion of the handler routine. The number of bus read and write 

be added to those of the effective address calculation where cycles is shown in parenthesis as (r/w). 

indicated. ; 


Table 34. Miscellaneous Instruction Clock Periods 








. MOVE from USP 
MOVE to USP 


RESET 





ANDI to SR 20(3/0) 


EOAI to CCR 20(3/0) 





ANDI to CCR 20(3/0) 





K 
T 


4(1/0 N 




















Bus Error 





Table 36. Exception Processing Clock Periods 


eee 


Address Error 





Divide by Zero 


Nlegal Instruction 


CHK Instruction 


50(4/7) 
44(5/4) + 


42(5/4) 





34(4/3) 





Interrupt 





Privilege Violation 


RESET** 40(6/0) 


Trace 








TRAP Instruction 


TRAPV Instruction 34(4/3) 


+ add effective address calculation time 
* The interrupt acknowledge cycle is assumed to take four clock 


periods. 


** Indicates the time from when RESET and HALT are first sampled 
as negated to when instruction execution starts. 
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MAXIMUM RATINGS 


-0.3 to +7.0 
-0.3 to +7.0 


Supply Voltage 


Input Voltage 


Operating Temperature Range 


Storage Temperature 





THERMAL CHARACTERISTICS 


[—~tharacteritio | Symbol | vaiue | Unit 


Thermal Resistance BJA 
30 °C/W 
55 +5 °C/W 


64-Pin Ceramic 

64-Pin Plastic Dip 
This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
it is advised that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum-rated voltages to this 
high-impedance circuit. Reliability of operation is enhanced If 
unused inputs are tied to an appropriate logic voltage level (e.g., 
either Vsg or Vcc. 











POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be 
obtained from: 


Ty = Ta + (PD « 9JA) (1) 


DC ELECTRICAL CHARACTERISTICS 








Characteristic 











Input Leakage Current 
BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2 
VPA, HALT, RESET 


Three-State (Off State) Input Current 































Output High Voltage 
E* 

E, AS, A1-A23, BG, DO-D15, FCO-FC2, LDS, R/W, UDS, VMA 
Output Low Voltage , 

HALT 

8G, FCO-FC2, A1-A23 

RESET 

_AS, D0-D15, LDS, A/W UDS, 





















Power Dissipation 


“With external pullup resistor of 1.1 kO 
**Capacitance is periodically sampled rather than 100% tested. 
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input High Voltage vw | 20 | veo | 
Input Low Voltage 


Input Capacitance 


***During normal operation instantaneous Voc current requirements may be as high as 1.5A. 


Where: 


Ta = Ambient Temperature, °C 


6jA = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Pp = PINT + PIO . 
PINT = Icc + Voc, Watts—Chip Internal Power 


Pi/O = Power Dissipation on Input and Output Pins— 
User Determined 


For most applications Pijo « Pint and can be neglected. 


An approximate relationship between Pp and Ty (if Pyo is 
neglectéd) is: 


Pp = K = (Ty + 273°C) (2) 


Solving equations 1 and 2 for K gives: 
K = Pp + (Ta + 273°C) + Ja *Pp2 (3) 


Where K is.a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and Ty 
can be obtained by solving equations (1) and (2) iteratively for 
any value of Ta. 


Veco = 5.0 Vde +5%, Vss = 0 Vde, Ta = TL to TH °C. See Figures 41, 42, and 43. 





VIN = 0.4V to 2.4V 
Voc = 5.25V 






(lo_ = 3-2 mA) 
{lo = 5.0 mA) 
(fo. = 5.3 mA) 





Voc = 5.0V, Vin = OV 
f = 1 MHz, Ta = 25°C 

















R68000 
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+5V 


910 © 






















TEST MMD6150 — 
POINT OR EQUIVALENT 


= 







MMD7000_ 
OR EQUIVALENT 









Cy = 130 pF 
(INCLUDES ALL PARASITICS) 
RL=8.0 kQ FOR __ 
AS, A1-A23, BG, D0-D15,E 
‘FCO-FC2, LOS, R/W, UDS, VMA 
R*=1.22 ko FOR A1-A23, BG, 
FCO-FC2 


















Figure 41. RESET Test Load 


CLOCK TIMING (See Figuré 44) 


Figure 43. Test Loads 


Figure 42. HALT Test Load 














_ Characteristic 


Frequency of Operation 














Cycle Time 





Clock Pulse Width 











Rise and Fall Times 


























Figure 44. Input Clock Waveform 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES 
(Vcc = 5.0 Vde +5%, Vss = 0 Vde; Ta = TL to Ty, see Figures 45 and 46) 



















} | aMHz |) 6MHz. | eMHz | 10MHz | 125 MHz 
mam | chaste | min | Max | Min | Min | Max 
1 Clock Period teyc 250 500 | 167 | | 500 | 
Clock Width Low ICL 115 | 250 | 
Chock Wiath High : a5 | 250 | 
Clock Fall Time tot | — | 10) 


Clock Rise Time 

Clock Low to Address tCLA 
A | Clock High to FC Valid tCHFC 
7 Clock High to Address Data tc 
High Impedance (Maximum) 
Clock High to Address/FC tCH 
Invalid (Minimum) 


Clock High to AS, DS Low ICHSLx 
(Maximum) 
Clock High to AS, DS Low tCHSLh 
(Minimum) 
DS Hi tCLSH 









— | 
o|o 


~I _ 
Oo Oo 


112 | Address to AS, DS (Read) tAVSL 
Low/AS Write 

11A2 | FC Valid to AS, DS (Read) tFCVSL 
Low/AS Write 


Clock Low to AS, DS High 


P| 
o 


= 
— 
an 


= 
nN 
i=) 


an 


oO 





132 | AS, DS High to Address/FC tsH 40 10 
Invalid 
AS, DS Width Low (Read)/AS {SL 160 


Write 

BS Width Low (Write) 
AS, DS Width High 
Clock High to AS, DS High ICHSZ 
AS, DS High to R/W High 


Clock High to R/W High tCHRHx 
(Maximum) 


Clock High to R/W High 
(Minimum) 


Clock High to R/W Low tCHRAL 
20A8 | AS Low to R/W Valid tASRV 
Address Valid to R/W Low taVR 


21A2 | FC Valid to R/W Low tFCVR 
RAW Low to DS Low (Write) tALS 


Clock Low to Data Out Valid {CLDO 


a 
~ 


NM | 
o|- o 
oO; n nyo 





A2 


aS 


1 


oO 


tpwP 





= 
| 
o|o 


g 
= 
a 
Qa 








7 
18) 


_— 


tCHRHn 











NO 
a 





~Y 
So 





qa 


Led 


4 | Clock High to R/W, VMA tCHAZ 
High Impedance 
DS High to Data Out Invalid tSHD 
Data Out Valid to BS Low tpos 
Write) 


Data In to Clock Lo tDICL 
(Setup Time) 


Late BERR Low to Clock Low 
(Setup Time} 


AS, DS High to DTACK High 


276 









'BELCL 


> 
n 









tSHDAH 


~ x ~ ~ sixjols 


=" 
3 





= 
© 














R68000 16-Bit MPU 





AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED) 






Characteristic 







DS High to Data Invalid 
(Hold Time) 


sr aueelancoar Peer] pe] Oe ee ee 
i als cl Ss 
(Setup Time) 


HALT and RESET Input (ir ca 200 200 a a ae 
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Notes: 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns. 
. Actual value depends on clock period. 

. If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds. 


. For power up, the MPU must be held in RESET state for 100 ms to stabilize all on-chip circuitry. After the system is powered up, #56 refers 
to the minimum pulse width required to reset the system. 


5. If the asynchronous setup time (#47) requirements are satisfied the DTACK low-to-data setup time (#31) requirement can be ignored. The data 
must only satisfy the data-in clock-low setup time (#27) for the following cycle. 


. When AS and R/W are equally loaded (+ 20%), subtract 10 nanoseconds from the value given in these columns. 
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NOTES: 


1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BGACK, IPLO-IPL2, AND VPA GUARANTEES THEIR RECOGNITION AT THE 
NEXT FALLING EDGE OF THE CLOCK. 

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 

















Figure 45. Read Cycle Timing 


1-55 





R68000 16-Bit MPU 








so $1 $2 $3 $4 $5 $6 $7 so 


CLK 


A1-A23 


LDS/UDS 


ZI 


DATA OUT 


FCO-FC2 


ASYNCHRONOUS 
INPUTS 





HALT/RESET 





BERR/BA 


DTACK 








NOTES: 

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED BY THE RISING 
EDGE OF $2 (SPECIFICATION 20A). 

2. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 





Figure 46. Write Cycle Timing 
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 
(Voc = 5.0 Vde +5%, Vsg = 0 Vde, Ta = 0° to 70°C. See Figure 47.) 














Characteristic | Min_| Max | Min |. tax | 
ng 


Clock High to BG Low ; 70 — 60 
Clock High to BG High 70 _ 60 
BR Low to BG Low : : ; i : 3.5 1.5 3.5 Clk. Per. 


BR High to BG High : 4. . ; 5 | Clk. Per. 
BGACK Low to BG High : 1, j Clk. Per. 


BGACK Low to BR High 
(to Prevent Rearbitration) 


BG Low to Bus High 
Impedance (with AS High) 


BAC wi eos | 8[ = [8] 


















































THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING 
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS. 
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION. 














STROBES 
AND R/W 
BR 
BGACK 
BG 
CLK 
NOTES: 
1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BERR, BGACK, BR, DTACK, IPLO-IPL2, AND VPA GUARANTEES THEIR 
RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK. 
2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH =2.0 VOLTS, 
LOGIC LOW =0.8 VOLTS 








Figure 47, AC ELECTRICAL Waveforms — Bus Arbitration 
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R68465 


DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 





~ PRELIMINARY 


DESCRIPTION 


The R68465 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 68000/68008 
microprocessor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory- 
mapped registers containing commands, status and data simplify 
the software interface. Built-in functions reduce the software 
overhead needed to control the FDD interface. The DDFDC sup- 
ports both the IBM 3740 Single-Density (FM) and IBM System 
34 Double-Density (MFM) formats. 


The DDFDC interfaces directly to the 68000/68008 asynchronous 
microprocessor bus and operates with 8-bit byte length data 
transferred on the bus. The DDFDC will operate in either DMA 
or non-DMA mode. In DMA mode, the MPU need only load the 
command into the DDFDC and all data transfers occur under 
DMA control. The DDFDC is directly compatible with the 
MC68440 Dual Direct Memory Access Controller (DDMAC). In 
non-DMA mode, the DDFDC generates an interrupt to the MPU 
indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the MPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the MPU following each controller com- 
mand. The Data Register (DR) stores actual disk data, param- 
eters, controller commands and FDD status information for use 
by the MPU. 


The R68465 executes 15 separate multi-byte commands: 


Read Data Specify | 

Write Data Format a Track 

Read Deleted Data Sean Equal 

‘Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track 0) 





FEATURES 


e Address mark detection circuitry 


‘© Software control of 


—Track stepping rate 
—Head load time 
—Head unload time 


e IBM compatible in both single- and double-density recording 
formats 


e Programmable data record lengths: 128, 256, 512, 1024, 
2048, 4096 or 8192 bytes/sector 


“¢ Multi-sector and multi-track transfer capability 


e Controls up to four floppy disk drives 


* Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 


e Data transfers in DMA or non-DMA mode 
¢ Parallel seek operations on up to four drives 


* Directly compatible with 68000 16-bit and 66008 8-bit asyn- 
chronous microprocessor bus 


* Single phase 8 MHz Clock 
¢ Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number CLK Frequency Temperature Range 
R66465_ 8 MHz 0°C to 70°C 


Package: C = Ceramic 
P = Plastic 





Document No. 68650N08 


Product Description Order No. 707 
Rev. 3, March 1984 
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Figure 1. DDFDC Input and Output Signals 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. For 
example, R/W indicates read is activelhigh and awrite is active 
low. : 


BUS INTERFACE 


Do-—D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 


RESET—RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drives 
to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 
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RS—Data/Status Reglster Select. This input selects the Data 
or Status Register for reading from or writing to. When 
RS = high, the Data Register is selected and the state of R/W 
determines whether it is a read (R/W = high) or a write 
(A/W = low) operation. when RS = low, the Status Register is 
selected. This register may only be read (R/W = high); the state 
RW = low is invalid when the Status Register is selected. 


IRQ—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the MPU. IRQ is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mede). 


R/W—Read/Write. This input defines the data bus transfer as a 
read or write cycle. When high (read), the data transfer is from 
the DDFDC to the data bus. When low (write), the data transfer 
is from the data bus to the DDFDC. 


DTACK—Data Transfer Acknowledge. This signal is the asyn- 
chronous handshake line for information transfer on the 68000 
system bus. It is generated by the DDFDC as an acknowledge 
to the CS signal in an asynchronous transfer. A low output 
indicates that valid data is on the bus (read cycle) or that data 
has been written (write cycle). Except when being asserted, this 
signal is normally in the high impedance state. 








R68465 


The output characteristics of DTACK are the same as other 
system interface signals with allowances for an external pull- 
up resistor such that the output is driven to the high level! first 
and then to the high impedance state. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 





REQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under contro! of the DMAC (in the DMA mode). 
The request is active when REQ = low. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 





DONE—DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a channel is complete. 
The signal is active low concurrent with the DACK input when 
the DMA operation is complete as a result of that transfer. 





FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. 


vcO—Varlable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode 
(MFM = low) and 1 MHz in the MFM mode (MFM = high). The 
pulse width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables the Write Data 
into the FDD when high. 


PSO-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


Preshift Outputs 
Write Precompensation Status | PSO 


Normal 


Late 
Early 
Invalid 
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Double-Density Floppy Disk Controller (ODDFDC) 


FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RAW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


| RWISEEK | Mode | . Active FDD Interface Signals 
[tow | Reacrwrte [WR FUT LCT. FR 


WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 











FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
over track zero. 
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R68465 Pin Diagram 
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LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the 
read/write head is to be positioned over the inner tracks and the 
LCT/DIR is high when the head is to be positioned over the outer 
tracks. In the Seek mode, LCT/DIR controls the head direction. 
When LCT/DIR is high, the head steps to the outside of the disk; 
when LCT/DIR is low, the head steps to the inside of the disk. 


FA/STP—Fault Reset/Step. A multiplexed output to the FDD. 
in the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FA pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


HDt.—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with 
the media). A low level indicates the head should be unloaded. 


HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and 
Head Zero is selected when HD = low. 
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Double-Density Floppy Disk Controller (DDFDC) 


US0-US1—Unit Select. Output signals for floppy disk drive 
selection as follows: 





ee 





MFM—MFM Mode. Ouiput signal to the FDD to indicate MEM 
or FM mode. Selects the MFM mode when MFM = high and 
the FM mode when MFM = low. 

vCC—Power. +5V dc. 


GND—Ground (V,,). 


SERIAL ROW 
READ RDD 
CONTROL ca 





; WCK 
SERIAL WDA 
WE 
PSO, PS1 


RDY 
IDX 
WP/TS 


PRIVE FLT/TRKO 
INTERFACE 


COnTROt LCT/DIR 
FR/STP 
FAW/SEEK 
HDL 


HDSEL 
USO 


US1 
MFM 


Figure 2. DDFDC Block Diagram 
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DDFDC REGISTERS 


The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the DDFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


The relationship between the status/data registers and the R/W 
and R§ signals is shown below. 












Function 


Read Main Status Register 
Illegal 

Read from Data Register 
Write into Data Register 














0 

0 

1 

0 
0 = Low, 1 = High 
Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register definition that 
follows Table 2. 


REGISTER DEFINITIONS 


Main Status Register (MSR) 


The Main Status Register (MSR) contains the status informa- 
tion of the DDFDC, and must be read by the processor before 
each byte is written to, or read from, the Data Register during 
the command or result phase. MSR reads are not required dur- 
ing the execution phase. The Data Input/Output (DIO) and 
Request for Master (RQM) bits in the MSR indicate when data 
is ready and in which direction data will be transferred on the 
data bus. The maximum time between the last R/W during 
command or result phases and the DIO and ROM getting set 
or reset is 12 us. For this reason, every time the MSR is read 
the processor should wait 12 xs. The maximum time from the 
end of the last read in the result phase to when bit 4 (DDFDC 
Busy) goes low is also 12 ys. 
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Double-Density Floppy Disk Controller (DDFDC) 


The DIO and RQM timing chart is shown in Figure 3. 


MSR : 
‘7 RQM —Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 


6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register to the system. 


Execution phase ended, result phase begun. 


is 
§ EXM -—Execution Mode. (Non-DMA mode only). 
0 
1 Execution phase started. 


DDFDC is not busy, will accept a command. 


Ss 

4 cB —Controller (ODFDC) Busy. 

0 

1 DDFOC is busy, will not accept a command. 


D3B —Floppy Disk Drive (FDD) 3 Busy. 
FDD 3 is not busy, DDFDC will accept read or write 
command. 
FDD 3 is busy, DDFDC will not accept read or write 
command. 


D2B —FDD 2 Busy. 
FDD 2 is not busy, DDFDC will accept read or write 
command. , 
FDD 2 is busy, DDFDC will not accept read or write 
command. 


Ss 

1 DIB -—FDD 1 Busy. 

0 FDD 1 is not busy, DDFDC will accept read or write 
command. : 

1 FDD 1 is busy, DDFDC will not accept read or write 

command. 


Ss 

0 DOB -—FDD 0 Busy. 

0 FDD 0 is not busy, DDFDC will accept read or write 
command. 

1 FDD 0 is busy, DDFDC will not accept read or write 

command. 


Status Register 0 (STO) 








The Status Register 0 (STO) as well as the other status registers 
(ST1-ST9), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 
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Table 1. DDFOC Status Register Bit Assignments 
Bit Number 


Main Status Register (MSR) 





Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 





Table 2. Command Symbol Description 






















































































a et Description 

[Oo.. - | Data =. ~—_—s| The data pattern which is going to be written into a sector. 

&-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 

| DTL —'| DataLength = When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 

peo The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 

Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 
 * ie al stay low after two CAC bytes. During the Format a Track command it determines the size of 
"| Head Address | Head number O ort, as speciied ID SCS 
A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 
ae Te Ie 
“HUT [Heed Unisd Tine | The head urbe near ardor wre operation has sured (1 9 24 ms ih 16 ms evomon) | 

FM or MFM Mode When MF = 0, FM mode is selected; and when MF = 1, MFM mode Is selected. 
Cae When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 

0, the DDFDC will aulomancaly start searching for sector 1 on side 1. 
PN | BytesiSector | The number of dala bytes writen inasecior. 
When ND = 1, opeiation is in the Non-DMA mode; when ND = 0, operation is in the DMA meee 

New Track Number 

Present Track Number 

Record (Sector) The sector number to be read or written. 

Register Select 


Controls selection of Main Status Register (AS = low) or Data Register (AS = high. 


ReadMWrite Either read (A) or write (W) signal , 
Sectors/Track The number of sectors per track. 
Skip Deleted Data Address Mark. 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 





SRT Step Rate Time 



















(F = 1 ms, E = 2 ms, atc.) 
Four registers which store the status information after a command has been executed. This information 





Status 0 






Status 1 is available during the result phase after command execution. These registers should not be confused 
$T2 Status 2 with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has 
ST3 been executed and contain information relevant to that particular command. 


During a Scan command, if STP = 01, the data In contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02,.then alternate sectors are read and 


Sector Test Process 
compared. 
iT Track Number The current/selected track number of the medium (0-255). 
USO,US1 A selected drive number (0-3). 
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STO 

7 6 Ic —Interrupt Code. 

0.0 Normal Termination (NT). Command was properly exe- 


cuted and completed. ; 
Oo 1 Abnormal Termination (AT). Command execution was 
Started, but was not successfully completed. 
1 0 Invalid Command (IC). Received command was invalid. 
1. Abnormal Termination (AT). The Ready (RADY) signal 
from the FDD changed state during command 
execution. 


STO 
5 SE —Seek End. 
0 Seek command is not completed. 
1 Seek command completed by DOFDC. — 


STO 

4 EC —Equipment Check. 

0 No error. 

1 Either. a fault signal is received from the FDD or the 
track 0 signal failed to occur after 256 step pulses 
(Recalibrate Command). 

STO gh 

3 NR  —Not Ready. 

0 FDD is ready: 

1 _FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 

STO 
2 HD .. —Head Address. (At Interrupt). 


0 Head Select 0. 
1 Head Select 1. 


STO ; 

1000S —Unit Select. (At interrupt). 
0 0 FDD 0 selected. 

QO 1 FDD 1 selected. 

1 0 ‘FDD 2 selected. 

114 


FDD 3 selected. 


Status Register 1 (ST1) 


ST1 
7 EN —End of Track. 
0- No error. 
1 DDFDC attempted to access a sector beyond the last 
sector of a track. 
ST1 
6 —Not Used. Always Zero. 
$T1 
5 ODE —Data Error. 
0 No error. 
1 DDFDC detected a CRC error in ID field or the Data field. 


Double-Density Floppy Disk Controller (DDFDC) 


ST1 
4 OR —Over Run. 
0 No error. 


1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


$T1 

3.. —Not Used. Always Zero. 
ST1 

2 ND —No Data. 

0 No error. 

1 3 possible errors. 

t. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 

2. DDFDC cannot read ID field without an error during 
‘Read ID command. 

3. DDFOC cannot find starting sector during execution 
of Read a Track commana. - 

ST1 


0 No error. 

1 DDFDC detected a write protect signal from FDD dur- 
ing execution of Write Data, Write Deleted Data or 
Format a Track commands. 


1 NW —Not Writable. 


ST1 . o 
OQ MA —Missing Address Mark. 
0 No error, | 

1 2 possible errors. 


1. DDFDC cannot detect the iD Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Status Register 2 is also 
set. 


Status Register 2 (ST2) 


$T2 
7 —Not Used. Always Zero. 
sT2. 
6 CM -—Control Mark. 
0 No error. 
1 DDFDC encountered a sector which contained a Deleted 


Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or the DDFDC encoun- 
tered a sector which contained a Data Address Mark dur- 
ing execution of a Read Deleted Data command. 
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$T2 
5 DD -—Data Error in Data Field. 
0 No error. 
1 DDFDC detected a CRC error in the Data fleld. 


No error. 
Contents of T on the disk is different from that stored 
in IDA. Bit is related to ND (Bit 2) of Status Register 1. 


T 
4 wT —Wrong Track. 
0 
1 


$T2 
3 «SH —Scan Equal Hit. 
0 No ‘‘equal”’ condition during a scan command. 


1 ‘Equal’ condition satisfied during a scan command. 
ST2 
2 SN —Scan Not Satisfied. 
0 No error. 
1 DDFDOC cannot find a sector on the track which meets 
the scan command condition. 
ST2_ 
1 BT —Bad Track. 
0 No error. 
1 Contents of T on the disk is different from that stored 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status Register 1. 
ST2 
Oo MD —Missing Address Mark in Data Field. 


0 No error. 
1 DDFDC cannot find a Data Address Mark or Deleted 
Data Address Mark during a data read from the disk. 


Status Register 3 (ST3) 


Lace eae eee 
[ane Eve [OW TAS [re She. Ueni| Uso! 


Status Register 3 (ST3) holds the results of the Sense Drive 
Status command. - 










ST3 
7 “FLT —Fault. 
0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signal from the FDD is high. 


ST3 
6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 
1 Write Protect (WP) signal from the FDD is high. 


RDY —Ready. 
Ready (RDY) signal from the FDD is low. 


ST3 
Ready (RDY) signal from the FDD is high. 


5 
0 


4 
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$T3 
4 TRKO —Track 0. 
0 Track 0 (TRKO) signal from the FDD is low. 
1 Track O (TRKO) signal is from the FDD is high. 


—Two Side. 
Two Side (TS) signal from the FOD is low. 
Two Side (TS) signal from the FDD is high. 


ST3 ; 

2 HD: —Head Select. 

0 Head Select (HD) signal to the FDD is low. 
1 ‘Head Select (HD) signal to the FDD is high. 


$T3 

1 US1 —Unit Select 1. 

0 Unit Select 1 (US1) signal to the FDD is low. 
1 Unit Select 1 (US1) signal to the FDD is high. 


ST3 ; 

0 USO —Unit Select 0. 

0 Unit Select 0 (USO) signal to the FDD is low. 
1 Unit Select’0 (US1) signal to the FDD is high. 


COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the com- 
mand may be a multi-byte transfer of data back to the system. 
Because of this multi-byte transfer of information between the 
DDFDC and the system, each command consists of three 
phases: 


Command Phase—The DDFDC receives all infotmation 
required to perform a particular operation from the system. 


Execution Phase—The DDFDC performs the instructed 


‘operation. 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the 
system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
Code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase Is received by the DDFDC, the 
execution phase starts. Similarly, when the last byte of data is 
read out in the Result Phase, the command is ended and the 
DDFOC is ready to accept a new command. A command can 
be terminated by asserting the DONE signal to the DDFDC. This 
ensures that the processor can always get the ODFDC’s atten- 
tion even if the command in process hangs up in an abnormal 
manner. 
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READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID Address Marks and ID fields from the disk. 
When the current sector number (R) stored in the ID Register 
(IDR) matches the sector number read from the disk, the DDFDC 
transfers data from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and. output to the data bus. 
This continuous read function is called a ‘‘Multi-Sector Read 
Operation.’ The Read Command terminates after reading the 
last data byte from sector R when R = EOT. STO bits 7 and 
6 are set to 0 and 1, respectively, and ST1 bit 7 (EN) is set toa 1. 


The Read Data command can also be terminated by a low DONE 
signal. DONE should be issued at the same time that the DACK 
for the last byte of data is sent. Upon receipt of TC, the DDFDC 
stops outputting data to the data bus, but continues to read data 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read 
Data command and sets bits 7 and 6 in STO to 0. The amount 
of data which can be handled with a single command to the 
DDFDC depends upon MT (Multi-Track), MF (MFM/FM), and N 
(Number of Bytes/Sector) values. Table 3 shows the transfer 
capacity. 





The multi-track function (MT) allows the DDFDC to read data 
from both sides of the disk. For a particular track, data is trans- 
ferred starting at sector 1, side 0 and completed at sector L, side 
1 (sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 
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When N = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the-actual data 


‘length in.a sector, the data beyond the DTL is not sent to the 


data bus. The DDFDC reads (internally} the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
and should be’ set to FF. 


At the.completion of the Read Data command, the head is not 


‘unloaded until the Head Unload Time (HUT) interval defined in 


the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive 
to another. 


If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets 
the No Data (ND) flag in Status Register 1 (ST1) to a 1, sets 
Status Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, 
and terminates the Read Data command. 


After reading the ID.and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CAC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates. the command. 


ifthe DDFDC reads a Deleted. Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is. not set (GK = 0), then the DDFDC reads all the 
data in the sector, sets the Control Mark (CM) flag in ST2 toa 
1, and terminates the command. If SK = 1, the DDFDC skips 
the sector with the Deleted Data Address Mark and reads the 
next sector. The CRC bits in the deleted data field are not 
checked when SK = 1. 


Table 3. DDFDC Transfer Capacity 






Multi-Track MFM/FM Bytes/Sector 
(MT). (MF) (N) 













Maximum Transfer Capacity Final Sector Read 
P (Bytes/Sector) (Number of Sectors) from Disk 
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(128) (26) = 3,328 26 at Side 0 
(256) (26) = 6656 | or 26 at Side 1 
(128) (52) = 6,656 Bee 
(256) (52) = 13,312 eet odes 















15 at Side 0 
or 15 at Side 1 


(256) (15) 
(512) (15) 
(256) (30) 
(512) (30) 


3,840 
7,680 


7,680 
15,360 






















15 at Side 1 







(512) (8) = 4,096 8 at Side 0 
(1024) (8) = 8,192 or 8 at Side 1 
(612) (16) = 8192 
(1024) (16) = 16,384 erie | 
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‘During disk data transfers from the DDFDC to the system, the 
DDFOC must be serviced by the system within 27 us in the FM 
mode, and within 13 us in the MFM mode, otherwise. the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (1), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 
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WRITE DATA 


A command set of nine bytes places the DDFDC in the Write 
Data mode. After the Write Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID fields from the disk. When the four bytes (T, 
H, R, N) loaded during the command match the four bytes af 
the ID field from the disk, the DDFDC transfers data from the 
data bus to the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues. this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set toa 1. 


The command ‘can also be terminated by a low on DONE. If 
DONE is sent to the DDFDC while writing into the current sec- 
tor, then the remainder of the Data field is filled with 00 (zeros). 
In this case, STO bits 7 and 6 are set to 0 and the command 
is terminated. 





The DDFDC reads the ID field of each sector and checks the 
CRC bytes. If the DDFDC detects a read error (incorrect CRC) 
in one of the ID fields, it terminates the Write Data command, 
sets the DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to’ 
0 and 1, respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


¢ Transfer Capacity 

¢ End of Track (EN) flag 

e No Data (ND) flag 

* Head Unload Time (HUT) interval 
¢ ID information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when N = O and whenN + 0 


Table 4. DDFDC Command Termination Values 





Command Phase ID 


Final Sector Transferred 
to/from Data Bus 





Result Phase ID 


Track Head | Sector No. of 
Data Bytes 


Number Number Number 
(T) (H) 





a ee Less than EOT R+1 NC 


Less than EOT 


Notes: 





1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


a ee Equal to EOT T+ 01 ONG 
0 ameriaee Less than EOT R+1 NC 
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In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 
13 us in the MFM mode. If the time interval between data 
transfers is longer than this, then the DDFDC terminates the 
‘Write Data command, sets.the Over Run (OR) flag in ST1 toa 
1, and sets bits 7 and 6 in STO to 0 and 1, respectively. 


Command Phase: 


Track Number (T) 


2 
i] 
4 Head Number (H) 
5 
6 


Sector Number (R) 
Number of Data Bytes per Sector (N) 


End of Track (EOT). 
8 |Gap Length (GPL) 7 
| 9 [Data Length (OTL) . 











Result Phase: 


1 Status Register 0 (STO). ; 


2 Status Register 1 (ST1) 

Track Number (T) 
Head Number (H) 

Sector Number (R) 








Number of Data Bytes per Sector (N) 





WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 


| nw [eve] 7 is is laial 2] 1 | o | 

| 1 juttwe}o folio fo fa | 

efx [x x xf [Ho [sr [uso | 
3 Track Number (T) 

5 | Secor Number) 
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Result Phase: 





Status Register 1 (ST1) : 
Track Number (1H 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 





















Command Phase: 


pave | 7 | ¢ | 5 [4/a| 

pt [a | wr | sk | | 4 | 

2 | x [x | x [x] x] no [ust | uso | 
| 8 | Track Number 
| 4 | Mead Number) 
| 8 | Sector Number (R) 
| 8 | Number of Data Bytes per Sector (N) 
[eee 
9 




















End of Track (EOT) 
Gap Length (GPL) 


Data Length (DTL) 











Result Phase: 


Status Register 0 (STO) 













Status Register 1 (ST1) 
Track Number (T) 
Head Number (H) 


Sector Number (R) 


Number of Data Bytes per Sector (N) 





4 
5 
| sé | 








READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 
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if the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time It terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to O and 1, respectively. 


Command Phase: 


rere |7[s]s[*)s[2] 7] | 
P+ [olwelxfofofo| + |. 
SEESESEA CICS 
Track Number (T) 
Head Number (h) 
Number of Data Bytes per Sector (N) 
End of Track (EOT) 
Gap Length (GPL) 
Data Length (DTL) 








































Result Phase: 






aT satus Reger sr) 
ee 
+ [rack Number) 
1, 
5 | sector numer) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to O and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the 
Index Hole is ancountered for the second time-then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data is 
found then the ND flag to a 1 is also set in ST1. Bits 7 and 6 
in STO are set to 0 and 1, respectively and the command is 
terminated. 


During this command there is no data transfer between DDFDOC 
and the data bus except during the result phase. 
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Command Phase: 





Result Phase: 


(2 | sits Reserverd 

[a [Ste Regierz rai 

a [rac Nomar 

s[ Heat number 

js | Secor Number 
7 


Number of Data Bytes per Sector (N) 
















FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in 
either the double-density IBM System 34 format (MF = 1) or 
the single-density IBM 3740 format (MF = 0). The particular for- 


mat written is also controlled by the values of Number of 


Bytes/Sector (N), Sectors/Track (ST), Gap. Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. , 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC, 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the 
DDFDC asserts the DMA Request (DRQ) output four times per 
sector. In the Non-DMA mode (ND = 1), the DDFDC asserts 
Interrupt Request (IRQ) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFODC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to 0. 


If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the DDFDC sets the Equipment Check (EC) flag 
in STO to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 
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Table 5.: Standard Floppy Disk Sector Size Relationship 

No. of Data No. of Gap Length (GPL)* 

Sector Size Bytes/Sector Sectors/Tracks Read/Write Format | 

Bytes/Sector “(N) (ST) Command! Command? Remarks 
IBM Disk 1 
IBM Disk 2 





IBM Disk 2D 


IBM Disk 2D 














neieeeued values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 
: Suggested values of GPL in Format a Track command. 
3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 








Command Phase: SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of 
Depp = Deus: Depp = Deus: of Depp = Dgus (D = the data 
pattern in hexadecimal). A magnitude comparison is performed 
(FF = largest number, 00 = smallest number). The hex- 
adecimal byte of FF either from the bus or from FDD can be 
used as a mask byte because it always meets the condition of 
the compare. After a whole sector of data is compared, if the 
conditions are not met, the sector number is incremented 
(R + STP — R), and the scan operation is continued. The scan 
operation continues until one of the following events occur: the 
conditions for scan are met (equal, low or equal, or high or equal), 


the last sector on the track is reached (EOT), or DONE is 


faa Status Register 0 (STO) 

eee 
ass Reiter? TQ 
4c ner 
| 5 | 
om 
aden 












| 
2 fx [x Px [xf fho [usr] oso, 


Sectors per Track (ST) 


pee 
| 4 | 
| 5 | Gap Length (GPL) 
ef ota Paton @) 















4 

2 If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 

‘ flag in ST2 to a 1, and terminates the command. If the condi- 
tions. for scan are not met between the starting sector (as 
‘specified by R) and the last sector on the track (EOT), then the 
DDFDC sets the Scan Not Satisfied (SN) flag in ST2 toa 1, and 
terminates the command. The receipt of DONE from the proces- 
sor or DMA controller during the scan operation will cause the 
DDFDC to complete the comparison of the particular byte which 
is in process, and then to terminate the command. Table 6 shows 
the status of bits SH and SN under various conditions of scan. 










Head Number (H)* 
Sector Number (R)" 
Number of Data Bytes per Sector (N)* 


* The ID information has no meaning in this command. 
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Sean Equal 


Sean Low or Equal 
Scan High or Equal 


If SK = 0 and the DDFDC encounters a Deleted Data Address Result Phase: | 


Mark on one of the sectors, it regards that sector as the last sec- Status Register 0 (ST) | 





Depp = Days 
Depp # Opus 


Table 6. Scan Status Codes 
_ Statue Register 2 














Depp = Opus 
Depp < Deus 
Drop > Deus 
Drop = Deus 


Depo >. Dgus 
Deno < Deus 



















terminates the command. If SK = 1, the DDFDC skips the sec- 
Status Register 2 (ST2) 


tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 


tor of the track, sets the Control Mark (CM) bit in ST2 toa 1 and - 





When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through. 26, 
and the scan command starts reading at sector 21. Sectors 21, 
23, and 25 are read, then the next sector (26) Is skipped and 
the Index Hole is encountered before the EOT value of 26 can 
be read. This results in an abnormal termination of the commana... SCAN LOW OR EQUAL 
If the EOT had been set at 25.or the scanning started at sector 
20, then the scan command would be completed in a normal 
manner. 


me 
a 
Ts [Hess number) 
| sostr Number @ 
[7 | Nomber of Date eyes por Secor) | 


Command Phase: 


Pam _[eve[7?[els|e[aja[+ fo. 
1 fur fur foe[s[s [eye [+ 
MRSESESC CC 






During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 ps (FM mode) or 13 ys (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 






3 [ Tacknumber 
[ead Number 
[Ts [sector number) 
[5 _| Number of Data Bs por Scion WT 
a 
Ean 











The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


End of Track (EOT) 
Gap Length (GPL) 
Sector Test Process (STP) a 


SCAN EQUAL 





Command Phase: 


Jevre| 7 [6 [sjaisf2 | + | 0 | 


EoSEe 

| 3 | TrackNumber(™M = | aESESe Tro [ust 
4 | Hood Number) Sd 
| Number of Data Byles per Sector 8) | 
[eT oaptenm cry CS 
[e [sector Test Process STF) =| 

















Result Phase: 


| 1 | Status Register 0 (STO) mS 
| 2 | Status Register. 1 (ST1). - 














To Sis Regier? Ta 
4 [eek Number 
5 Head Numper y 
6 | Sector Number) 
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SCAN HIGH OR EQUAL 


Command Phase: 














| Number of Data Bytes per Sector (N) 
End of Track (EOT) 


_Gap Length (GPL) 


Sector Test Process (STP) _ 



























Result Phase: 
1 









Status Register 0 (STO) 
Status Register 1 (ST1) 


Head Number (H) 


Sector Number (R) 
Number of Data Bytes per Sector (N) 


6 
7 








asl 
ae 
oa 
cam 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


If PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head to step out. 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point DDFDC asserts IRQ. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
toa. 


After command termination, all FOD Busy bits set are cleared 
by the Sense Interrupt Status command. 


Status Register 2 (ST2) 
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During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to O and 1, respectively, and terminates the 
command. , 


_.If the time to write the three bytes of the Seek command ex- 


ceeds 150 us, the time between the first two step pulses may 
be shorter.than the Step Rate Time (SRT) defined by the Specify 
command by as much as 1 ms. 


Command Phase: 


















mel? Tele ap[at aye 
Ww o|.o}ofofi{1] 1 ta | 
x | x |x tx] x, ust | uso | 


| 3 | New Track Number (NTN) 


Result Phase: None. 








RECALIBRATE . 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags 
in STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


la tA 
[x | o ust | USO | 


Command Phase: 


7/6|5 4 | 
o|ololo 
x lx tx |x 


Result Phase: None. 
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SENSE INTERRUPT STATUS SPECIFY 
Interrupt request (IRQ) is asserted by the DDFDC when any of The three-byte Specify command sets the initial values for each. 
the following conditions occur: of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
1. Upon entering the result phase of: read/write commands to the head unload state. This timer is 
a. Read Data command programmable from 16 to 240 ms in increments of 16 ms 
b. Read a Track command (1 = 16 ms, 2 = 32 ms,...F = 240 ms). 
c. Read ID command 
d. Read Deleted Data command The Step Rate Time (SRT) defines the time interval between 
e. Write Data command adjacent step pulses. This timer is programmable from 1 to 
f. Format a Track command 16 ms in increments of 1 ms(F = 1ms, E = 2ms, D = 3ms,... 
g. Write Deleted Data command 0 = 16 ms). 
h. Scan commands 


2. Heady (AD) line Hronuihe FPR changes etale The Head Load Time (HLT) defines the time between the Head 
3. Seek or Recalibrate command termination Load (HDL) signal going high and the start of the read/write 
4. During execution phase in the Non-DMA mode operation. This timer is programmable from 2 to 254 ms in 
"= increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6-ms,... 
IRQ caused by reasons 1 and 4 above occur during normal 7F = 254 ms). 


command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. 
Reasons 1 and 4 do not require the Sense Interrupt Status com- 
mand. The interrupt is cleared by reading or writing data to 
DDFDC. Interrupts caused by reasons 2 and 3 are Identified with 
the aid of the Sense Interrupt Status command. This command 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the 
clock is reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of two. 


resets IRQ and sets/resets bits 5, 6, and 7 of STO to identify the The choice of DMA or Non-DMA operation is made by the Non- 
cause of the interrupt. Table 7 definas the seek and interrupt DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
codes. selected, and when ND = 0 the DMA mode is selected. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Command Phase: 








Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


SRT — Step Rate Time 
Command Phase: HUT — Head Unload Time 


ew fore 7 te sete NO — NonDMA mode 


Result Phase: SENSE DRIVE STATUS 
pe be Status Register 0-(STO) This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
eel Present Track Number (PTN) and contains the drive status. 


Table 7. STO Seek and interrupt Code Definition for Sense Interrupt Status 


Result Phase: None. 












Status Register 0 (STO) Bits 


Interrupt Code (IC) : _ Seek End (SE) 
Fes se ee ee couse 
a ee RDY line changed state, either. polarity 


Normal termination of Seek or Recalibrate command 















Abnormal termination of Seek or Recalibrate command 
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Command Phase: 








Result Phase: 


| Rf 











Status Register 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, thén the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The DDFDC does not generate an interrupt during this condi- 
tion. Bits 6 and 7 (DIO and RQM) in the MSR are both set to 
a 1 indicating to the processor that the DDFDC is in the result 
phase and that STO must be read. A hex 80 in STO indicates 
an invalid command was received. 


A Sense Interrupt Status command must be sent after. a Seek 
or Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command 
as a No-Op command, to place the DDFDC in a standby or no 
operation state. 


Command Phase: 
nw |syte| 7 | 615 a|3|2 1 Oo 


wt | vats codes 





Result Phase: 


Status Register 0 (STO) = 80 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 us before reading the MSR. Bits 
6 and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase ail bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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Bytes must be read to successfully complete the Read Data com- 
mand. The DDFDC..will not accept a new command until all 
seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by IRQ low 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in 
the DMA mode, |RQ is asserted at the result phase. The IRQ 
signal is reset by a read (R/W high) or write (R/W low) of data 
to the DDFDC, A further explanation of the IRQ signal is 
described in the Sense Interrupt Status command on page 16. 
If the system cannot handle interrupts fast enough (within 13 ys 
for MFM mode or 27 zs for FM mode), it should poll bit 7 (RQM) 
in the MSR. In this case, ROM in the MSR functions as an Inter- 
rupt Request (IRQ). If the RQM bit is not set, the Over Run (OR) 
flag in ST1 will be set to a 1 and bits 7 and 6 of STO will be set 
to a 0 and 1, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND = Oin the third com- 
mand byte of. the Specify command), DRQ (DMA Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read. command, the DDFDC asserts REQ as each byte 
of data Is available. to be read. The DMA controller responds 
to this request with both DACK low (DMA Acknowledge) and RW 
high (read). When DACK goes low the DMA Request is reset 
(REQ high). After the execution phase has been completed 
DONE low or the EOT sector is read), IRQ is asserted to indicate 
the beginning of the result phase. When the first byte of data 
is read during the result phase, IRQ is reset high. 





During a write command, the DDFDC asserts REQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and R/W low (write). When 
DACK goes low the DMA Request is reset (REQ high). After the 
execution phase has been completed (DONE low or the EOT 
sector is written), IRQ is asserted. This signals the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the IRQ is reset high. 








FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD’s looking for a change in 
the ARDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the 
DDFDC asserts IRQ. When Status Register 0 (STO) is read (after 
Sense Interrupt Status command is issued), Not Ready (NR = 1) 
will be indicated. The polling of the RDY line by the DDFDC 
occurs continuously between commands, thus notifying the proc- 
essor which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commands. 
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ras IN/OUT FROM DDFDC TO DATA BUS 
(MSR BIT 6) FROM DATA BUS TO ODFDC | 

REQUEST | | 
FORMASTER ——~ } ! 
(ROM) | ee | r 
(MSA BIT 7) | | READY | 1 | 


1 
| a 
CHIP SELECT (CS) 1 4 : | 
READ/WRITE (R/W) | | | ! | 
| ft a 
| 


[A | DATA REGISTER READY TO BE WRITTEN INTO [ ¢ ] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO | D | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 





NOTES 


Figure 3. DDFDC and System Data Transfer Timing 
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DTACK 





DATA OUT 
(D0-D7) 


IRQ 











DTACK 


DATA IN 
(D0-D7) 


IRQ 





Figure 7. DDFDC Write Cycle Timing 
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Figure 8. DMA Operation Timing 





WRITE CLOCK G2) 


(WCK) : | 
@> bsroy oem Ae 


WRITE ENABLE 
(WE) 


PRESHIFT 0 OR 1 d 
(PSO, PS1) : (edd as oe 
WRITE DATA G) (27) 


(WDA) 











Figure 9. FDD Write Operation Timing 








READ DATA 
(RDD) 


READ DATA WINDOW 
(ROW) 





NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 








Figure 10. FDD Read Operation Timing 
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USO, US1 STABLE 


___ SEEK 
(RWI/SEEK) 


DIRECTION 
(LCT/DIR) 


STEP 
(FR/STP) 


FAULT RESET 
(FR) 





Figure 13. Index Timing 


RESET 
(RST) 





Figure 15. Reset Timing 











TEST POINT re TEST POINT 


2.0V77 2.0V 
0.8V ___0.8V 0.3V 
INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC '1": AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3:0V FOR A LOGIC ‘1” AND 0.3V FOR A 


A LOGIC ‘‘0!’ TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC ‘0? TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A 
A LOGIC ‘1”" AND 0.8V FOR A LOGIC “0” LOGIC ‘1” AND 0.65V FOR A LOGIC “0: 







24V 





2.4V 









0.65V_ 0.65V 











Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Veo = 5.0 Vdc +5%, Vsg = 0 Vdc, T, = 0°C to 70°C) 






Ref. 
Fig. 






























































































3. tg¢ = 33 us min. is for different drive units. In the case of the same unit, 
tg¢ can be ranged from 1 ms to 16 ms with 8 MHz clock period, and 
2 ms to 32 ms with 4 MHz clock, under software control. 


1-80 


















Test 
no| enamine | smote som | tn | te _| noe | ut | cone 
[1 [Clock Period | tc Tey tt | 500s Pa 
P 2 [Clock High, tow Width | stew Ty] S| ws | ns | 
| a [Clock RiseTime | tcc | = = | 20 | ns | 
4 | Clock Fall Time Ltcun | oo | OT OTs | 
| 5 | CS High to RAV High | teva {| tea | 40 | Ons 
| 6 | Address Valid to CS Low tra a ee ee 
CS High to Address Invalid towax | tw | 9 | — | —~ | ns | 
Pa [csHign tes | te 0 | | 
a DIRE Law te Dala Val Se 
ES High to Output High Z tevez | toe | 20 | — | — | mm | 7? 
CS High to DTACK High | tson | tom | — | — | 120 | ns | 
| 42 | Address Valid to RAW Low. ; tws | 20 | — | = | ns | 
| 13. | R/W Low to CS Low tase | fwu 80 Ep TY 
14 | CS Low Pulse Width ts 250 ae Sine) 

[15 [Data validtoCS High tvs | tou | 50 | | ns 
Fie [OS tigh to Data iwald Yd too) tow fd 
[17 | tRQ Delay trom CS High totus | tm | OC | OT 500 ns | 
TXAQ Cycle Period Ttey [| 13 | — [| = | ns | CLK = 8MH 
P18” [ACK Low to TXAG Low = mrt 
| 20 | DONE Low Width twany | toone [1 | ns 
“21 [Wek cycle Time ey ty | — [| note | — | us | 
| 22 | WCK High Width Lc bo | 80 | 250 | 50 | ns | 
| 23 | WCK Rise Time | tkuk t a ee ee 
[24 |weKFalTime tt, | | CT CO Ts 
[a5 [WGK High to PSO, PST Val (Gea) | ty | toe | 20 | 100 ne | 
| 26 | PSO, PS1 Valid to WDA High (Delay) i tevon | to | 20 [| — {| 100 | ns | 
27 _| WDA High Width twon-50 | — | ~_sins | 
28 | WE High to WCK High or WE Low to WCK Low | tenn | twe | 20 |. — | 100 | ns | 
30_| RDW Cycle Time twey | twey = 
| 31 | RDW Valid to RDD High (Setup) twvaw | twap 6 | — | — J ns] 
(ES 
PRDD High Width tte | top | | | ns | 
FUS0, UST valid 1o SEEK High Setup) | ten | us | 2 | — | — 1 os | 
36 | SEEK Low to USO, USt Invalid Hold) | teu tty 8 
37 | SEEK High to DIR Valid (Setup) ltsiov | to | 7 | — | — us 
[38 | DIR Invalid to SEEK Low (Hold) toxs. | tos = eS | CLK = 8 MHz 
ic tee =| 
trix 'stp as us 
41_| STP Low to USO, USt Invalid (Hold) ster teins I 8 ee a | 
[42 | STPHigh Width | tm tee | | 7] | Os | 
trey to | 988 | | smote 3 | as 
[44 [FAHigh Width tee | ote || 
45_| IDX High Width [tom | tox =| 0 | 
DONE Low Width : | twn | te | 4 | = 4 
RESET Low Width - | tRHRL a ee ae 
2. For MFM = 0: Typ. = 2 xs 
For MEM = 1: Typ. = 1 us 
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ABSOLUTE MAXIMUM RATINGS* 


(Params [Symi [vate | 
Supply Voitage : -0.3 to +7.0 
Input Voltage -0.3 to +7.0 

A 





*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 














< 


Operating Temperature Range Oto+70 » | C® 
Storage Temperature Range —55 to +150 | C° 


OPERATING CONDITIONS 


Voec Power Supply 5.0V 45% 
Operating Temperature 0°C to 70°C 


DC CHARACTERISTICS 
(Voc = 5.0 Vde +5%, Vsg = O Vdc, Ta = 0°C to 70°C, unless otherwise noted) 


Parometer Symbol [wax [ unit [___Teat Conationa 


Input Low Voltage Vit : Vv 
Logic 0.8 
CLK and WCK 0.65 

Input High Voltage Vin Vv 
Logic 20 Voc + 05 
CLK and WCK 2.4 Veco + 05 


Output Low Voltage 
Output High Voltage 


eee 
pA Voc = OV to 5.25V, Veg = OV 
Vout = Veo 













High Level Output Leakage Current 
Veco = OV to 5.25V, Veg = OV 


Low Level Output Leakage Current how -10 





CAPACITANCE 
(Tp = 25°C; f, = 1 MHz; Voc = Ov) 
[Parameter | Symbot [wax Limit [Unit 





Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 





40-PIN CERAMIC DIP oun SRG METERS | INCHES | 

















F Y 4.19 | 0.100 | 0.165 | 

75.37 | 0.575 | 0.605 | 

JWiiiiiiaiey | tN [1.52 | 0.020 | 0.060 | 
H Ble SEATING nee | a ae I Me 
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R68560, R68561 
MULTI-PROTOCOL COMMUNICATIONS 
CONTROLLER (MPCC) 





PRELIMINARY 


DESCRIPTION 


The A68560, R68561 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications channel to 
-a 68008/68000 microcomputer-based system using sither asyn- 
chronous or synchronous protocol. High speed bit rate, auto- 
matic formatting, low overhead programming, eight character 
buffering, two channel DMA interface and three separate inter- 
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008/68000 processing capabilities and 
asynchronous bus structure. 


In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 


Control, status and data are transferréd between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
‘a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data recelved or to be transmitted 
and to maximize bus throughput, especially during DMA opera- 
tion. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 


An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
‘or clock frequency. The BAG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 


The 48-pin R68561 supports word-length (16-bit) operation when 
connected to the 68000 16-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 68-bit bus. 
The 40-pin R68560 supports byte-length operation on the 68008 
bus. 


Document No. 68650N06 


FEATURES 


¢ Full duplex synchronous/asynchronous receiver and 
transmitter 

* Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 

e Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28, ISO 1S1745, ECMA-16, 
etc. 

e Supports synchronous bit-orianted protocols (BOP), such as 

SDLC, HDLC, X.25, etc. 

Asynchronous and isochronous modes 

Modem handshake interface 

High speed serial data rate (DC to 4 MHz) 

Internal oscillator and Baud Rate Generator (BAG) with pro- 

grammable data rate 

* Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

e Direct interface to 68008/68000 asynchronous bus 

e Eight-character receiver and transmitter buffer registers 

* 22 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 

* Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial interface 

e Maskable interrupt conditions for receiver, transmitter and 
serial interface 

¢ Programmable microprocessor bus data transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC68440/MC68450 

¢ Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

*® Selectable full/half duplex, autoecho and local loop-back 
modes 

¢ Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41,, VRC/LRC) 


ORDERING INFORMATION 







Part Number Frequency Temperature Renge 


R6856 c= 4 MHz O°c to 70°C 


Pe C = Ceramic 
P = Plastic 








Number of pins: 


Product Description Order No. 705 
Rev. 3, March 1984 
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8 BYTE 
Vee ——— (4 WORD) 
GNO ————_» TxFIFO Lr ei TxD 
CRC/PARITY 
CHARACTER GENERATOR 
DETECTION; TO Ax LOGIC 
INSEATION (TEST MODE) 
: ZERO 
INSERT 
aaa (| (DF ; 
KER oT Tx CONTROL 
iG aan INTERFACE. 
IN : DTA 
pe-p7 Bye 
00.015? “ CONTROL os 
= P| REGISTERS DSR 
eee fe a : 
CK a STATUS TO Tx LOGIC 
_— AW p———7—-*_ REGISTERS 
Los/os? +e —_t BAUD RATE GENERATOR 
u0dSs/Ao* an aoe Tx CLOCK . : wie 
: 7 x! 
RESET: é AxFIFO READ aa Se ak 
THFIFO WRITE ; 
=N COUNTER PRESCALE EXTAL 
oo (BROR1,.BROR2) (PREDIV) ; RAE 
; Sais 
TosA Be clock FI, 216, £32, 164 
ADS dM prcpinlh (CLKOIV) Arc 
a PF. nterrace eet 
DAI : 
a aad 
DONE _ TO Ax LOGIC 
RxFIFO READ |. Rx CONTROL | 
. . ; INTERNAL Ax CONTROL BUS Rea OEE) 
| | fl CONTROL 
FRAME OARITY | CAC CHARACTER 
- STATUS CaECkeH GENERATOR DETECTION 
LOGIC 
&-BYTE U 
(4 WORD) AxD 
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NOTES: 
1. 68560 ONLY. 
2. RGBS61 ONLY. 
3. UDS ON R68561 AO ON R68560 
4. UDS ON R68561 DS ON R68560 





Figure 1. MPCC Block Diagram 





R68560, R68561 Multi-Protocol Communications Controller (MPCC) 





PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the. signal is active in the high-voltage: state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. R/W 
indicates a write is active low and a read active high. 


Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 


A1 — A4—Address Lines. A1 — A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 


DO — D15—Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. DO - D15 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. DO- D7 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operating in the MPCC byte mode. The data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 


CS—Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 


R/W—Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK—Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 





DATA 
BUS 
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ASYNCHRONOUS 
BUS 
CONTROL A6B560/ 
R68561 
MPCC 


OMA 
CONTROL 


INTERRUPT 
CONTROL 





write cycles it is asserted after data has been accepted at the 
data bus. DTACK is driven high after assertion prior to being 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. 








DS—Data Strobe (R68560). During a write (R/W low), the 
DS positive transition fatches data on data bus lines DO - D7 
into the MPCC. During a read (A/W high), DS tow enables data 
from the MPCC to data bus lines DO - D7. 


LDS—Lower Data Strobe (R68561). During a write (R/W low), 
the positive transition latches data on the data bus lines DO —- D7 
(and on D8 — D15 if UDS is low) into the MPCC. During a read 
(RW high), LDS low enables data from the MPCC to DO - D7 
(and to D6 - D15 if UDS is low). 


AO—Address Line AO (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = 0 defines an even register 
and AO = 1 defines an odd register. See Table 1b. 


UDS—Upper Data Strobe (R68561). When interfacing to a 
16-bit data bus system such as the 68000, a low on control bus 
signal UDS enables access to the upper data byte on D8 - D15. 
A high on UDS disables access to D8 - D15. Data is latched and 
enabled in conjunction with LDS. 


IRQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. IRQ is driven high after assertion 
prior to being tri-stated. 


1ACK—Interrupt Acknowledge. The active low IACK input 
indicates that the current bus cycle is an interrupt acknowledge 
cycle. When IACK is asserted the MPCC places an interrupt 
vector on the lower byte (D0 — D7) of the data bus. 


TDSA—Transmitter Data Service Request. When Trans- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. 
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Figure 2. MPCC Input and Output Signals 
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‘ADSR—Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 





DACK—DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DTC—Data Transfer Complete. The DTC low input indicates 
that a DMA data transfer is complete. DTC in response to a 
RDSR indicates that the data has been successfully stored 
in memory. DTC in response to a TDSR indicates that the 
data Is present on the data bus for strobing into the MPCC. DTC 
is used in conjunction with R/W to increment the TxFIFO or 
AxFIFO pointer. 








DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
character of a frame (block) is being transferred in response to 
a RDSR. The DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO, 








RESET—Reset. RESET is an active low, high impedance 
input that initializes all MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 


DTR—Data Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICA). 





ACK 
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RTS—Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 


CTS—Clear to Send. The CTS active fow input positive transi- 
tion and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 


DSR—Data Set Ready. The DSR active low input negative 
transition and level are reported .in the DSAT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 


DCD—Data Carrier Detect. The DCD active low input positive 
transition and level are reported:in the DCDT and DCDLVL bits 
in the the SISR, respectively. 


TxD—Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of TxC. 


RxD—Received Data. The MPCC receives serial data on the RxD 
input. The AxD input is shifted into the receiver with the negative 
going edge of RxC. 


TxC—Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC’s internal baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD output. 


RxC—Recelver Clock. RxC provides the MPCC receiver with 
received data timing information. 
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EXTAL—Crystal/External Clock input. MPCC REGISTERS 
XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 
external crystal to the MPCC internal oscillator. The pin EXTAL 
may also be used as a TTL level input to supply a DC to 8 MHz 
reference timing from an external clock source. XTAL must be 
tled to ground when applying an external clock to the EXTAL 
input. 


Twenty-two registers control and monitor the MPCC operation. 
The registers and their addresses are identified in Table 1a 
(R68561 operation in word mode) and in Table 1b (R68560 
operation in byte mode). When the R68561 is operated in the 
word mode, two registers are read or written at a time starting 
at an even boundary. When the R68560 is operated in the byte 


BCLK—Buffered Clock. BCLK is the internal oscillator buffered mode, each register is explicitly addressed based on AO. 
output available to other MPCC devices eliminating the need for 
additional crystals. ; 





Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 


ae +50 from a ‘‘null register.’’ A null register returns all ones for data 

Vec—Power. 5V +5%. a : 
and results in a normal bus cycle. Unused bits of a defined 

GND—Ground. Ground (Vgs). register are read as zeros unless otherwise noted. 


Table ta. R6&8561 Accessible Registers (Word Mode) 





Addr Address Lines 


Register(s) FW | ex.) | Ad A3 AZ At 


15 8 7 0 


Receiver Control Register (ACR) Receiver Status Register (RSR) , Ww 00 
Raceiver Data Register (RDR)—16 bits’ 















Transmitter Control Register (TCR) Transmitter Status Register (TSR) | RAW 0B 

















Serial Interface Control Register (SICR) Serial Interface Status Register (SISR) 
Reserved? Reserved 
Serial Interrupt Enable Register (SIER) Serial Interrupt Vector Number Register (SIVNR) 


Protocol Select Register 2 (PSR2) Protocol Select Register (PSR1) 











Address Register 2 (AR2) Address Register 1 (AR1) f 
Band Rate Divider Register 2 (BRDR2) Baud Rate Divider Register 1 (BROR1) 1 $1 #14 =«0 
Error Control Register (ECR) Clock Control Register (CCR) d 





Notes: 
1. Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the. RxFIFO pointer to the start of the first word. 
2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the. start of the first word. 
3. Reserved registers may contain random bit values. 
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Table 1b. - R68560 Accessible Registers (Byte Mode) 


Addr Rae Lines 


Fleceiver Status Register (FSA) | Aw | 
Receiver Control Register (ACR) — [| ew | 7 | 


Receiver Data Register (RDR)—8 bits! : 
, Receiver Interrupt. Vector Number Register (RIVNR) a a ee a ee 


Receiver Interrupt Enable g Healers (RIER) 


Tarai Sai Rego SA aw a 
Transmitter Data Register (TDA)?—8 bits i A 


Reserved? 
Transmitter Interrupt Vector Number Register (TIVNR) 


Transmitter Interrupt Enable Register (TIER) i 



















o|o 
oO 





° 

: 
=alojo|lolo 
elol/-t-ltalo 
is 






















_ Serial Interface Status Register (SISA) 





Reserved? 


Serial Interrupt Vector Number Register (SIVNA) | aw [| 4 | 


Serial Interrupt Enable Register (SIER) 





Protocol Select ees 1 (PSR1) 








Band Rate Divider Register 1 (BRDRt) | RW | 
_ Baud Rate Divider Register 2 (BRDA2) | AW 





Clock Contro! Register (CCR) | 
Error Control Register (ECA) 





Notes: 
1. Accessible register of the eight byte AxFIFO. The data i is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 
2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES ressts the TxFIFO pointer to the start of the first byte. 
3. Reserved registers may contain random bit values. 
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Table 2. MPCC Register Bit Assignments 
Bit Number Reset(!) 


Value 
Receiver Status 


(a a a a a De ee 
aoe [oor [0 [ever [rene [wm | we [none | w 





















Access 





RW Register (ASR) 
RSYNEN | STASYN | 2ADCMP | RABTEN Receiver Control 
Register (RCRA) 
| oR | RECEIVED DATA (RAxFIFO)2 | —— | Receiver Data 
PR RECEIVER INTERRUPT VECTOR NUMBER (RIVN) | oF | 

EOF C/PERR | FRERA | ROVAN | RA/B 
ie le IE IE IE 


Register (RDR) 
Receiver interrupt Vector 
Pr 








Receiver Interrupt Enabie 
Register (RIER) 


Transmitter Status 
Register (TSR) 


Transmitter Control 
Register (TCR) 

Transmitter Data 

Register (TDR) 

Transmitter Interrupt Vector 
Number Register (TIVNR) 


Transmitter Interrupt Enable 
Register (TIER) 





Number Register (RIVNA) 
TRANSMITTED DATA (TxFIFO)2 


TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) 
TDRA TFC TUNRAN | TFERA 
pew |e te | et oe fe Tee] oe | | 


Caw [om [om [oom [oan Jomo] [» [= 
ow [aeor fom] © |» | © [ow | vw |= 
ce] taeowerwis | 
ee 
= Es 
aw = 









Serial interface Status 
Register (SISR) 


Serial Interface Control 
Register (SICR) 






(reserved) 





(reserved) 
Serial Interrupt Vector 
Number Register (SIVNR) 


Serial Interrupt Enable 
Register (SIER) 


SERIAL INTERRUPT VECTOR NUMBER (SIVN) 
cts | DSR DCD 
IE IE iE 


rw foe |e |e fo | oe | o | emex | anvex| oo | Renter pany 
STOP BIT SEL Protocol Select 
SB2 SBI Register 2 (PSR2) 
BOP ADDRESS/BSC & COP PAD Address Register 1 (AR1) 
‘BOP ADDRESS/BSC & COP SYN Address Register 2 (AR2) 


Baud Rate Divider 
Register 1 (BRDR1) 
Baud Rate Divider 
Register 2 (BADR2) 
Clock Control 
Register (CCR) 


Error Control 
Register (ECR) 











1. RESET = Register contents upon power up or RESET. 
2. 16-bits for R68561 (word mode); 8-bits for R68560 (byte mode). 
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RECEIVER REGISTERS 
Recelver Status Register (RSA) 


[7 [se js{ ¢ | 3 [ 2 [a] o | 
[RDA | EOF | 0 | C/PERR | FRERR | ROVAN | RAB | RIDLE | 


Reset Value = $00 


The Receiver Status Register (ASR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RESET. If an EOF, C/PERR, or FRERR is set 
in the RSR, the data reflecting the error (the first byte or word 
in the RxFIFO) must be read prior to resetting the correspond- 
ing status bit.in the RSA. The IRQ output is asserted if any 
of the conditions reported by the status bits occur and the cor- 
responding interrupt enable bit in the RIER is set. 





The RSR format is the same as the frame status format (see 
below) except as noted. 


RSR a 

7 RDA —Receiver Data Available. (ASR only). 

0° The AxFIFO is. empty (i.e., no received data is 

available). : 
1 Received data is available in the RxFIFO and can be 
, read via the RDR. 

RSR 

6& EOF —End of Frame. 

0 No end of frame or block detected. 

1 End of frame or block detected (BOP and BSC). 
RSR 

5 RHW —Receive Half Word. (Frame Status only)* 


0 The last word of the frame contains data on the upper 
half (08-—D15) and frame status on the lower half 
(DO — D7) of the data bus. 


1 The lower half of the data bus (D0 — D7) contains the 
frame status but the upper half (D8 — D15) is blank or 
invalid. 

RSR 
4 C/PERR -—CRC/Parity Error. 


0 No CRC or parity error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 
(ASYNC, ISOC and COP). 


ASR 
3. FRERR —Frame Error. 
0 No frame error. detected. 
1 Short Frame or a closing FLAG detected off boundary 


(BOP), Frame error (ASYNC, ISOC) or receiver - 


overrun. 
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RSR 
2 ROVRN -—Receiver Overrun. 

0 No receiver overrun detected. 

1 Receiver overrun detected. indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that is already in RxFIFO are not affected and may be 
read by the processor. 

RSA 


1 RA/B —Receiver Abort/Break. 

0 Normal Operation. 

1 ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 


RSR 
0 RIDLE —Recelver Idle. (RSA only). 
0 Receiver not idle. : 
1 15 or more consecutive ‘‘1’s’’ have been received and 


the receiver is in an inactive idle state. 


*Frame Status (RSR) 


ioe foe wee les oe) ho 
fo Teor [mnw | ciPenn [ Frean [ ROvaN | AN® [o_ 


For the BSC and BOP protocols which have defined message 
blocks. or frames, a ‘‘frame status’’ byte will be loaded into the 
RxFIFO following the last data byte of each block. The frame 
status contains all the status contained within the RSR with the 
exception of RDA and RIDLE. But, in addition to the RSA con- 
tents, the frame status byte has a RHW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 


if the MPCC is in word mode and the last data byte was on an 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in order to force the ‘‘frame 
status” byte and the next frame to be on an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower half of the data bus. If 
RHW = 1, the lower half of the bus contains status but the upper 
half is a blank or invalid byte. 


In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 


in the receiver DMA mode, when the EOF status in the RSA 
is set, DONE Is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 
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WORD D15 DB D7 


WORD MODE Na] 


(RHW = 0) 


BYTE 07 Do 
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Figure 3. BSC/BOP Block/Frame Status Location 


Receiver Control Register (RCR) 


Ee 
[ROSREN |DONEEN|RSYNEN |sTASYN|2aDcMe RABEN|ARES| 


Reset value = $01 


The Receiver Control Register (RCR) selects receiver control 
options. 


RCR 
7 —Not used. 
RCR 
6 RDSREN —Receiver Data Service Request Enable. 
0 Disable receiver DMA mode. 
1 Enable receiver DMA mode. 
RCR 


5 OONEEN —DONE Output Enable. 

0 Disable DONE output. 

1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., RDSREN = 1). 





RCR 
4 RSYNEN —RASYNEN Output Enable. Selects the 
DSR signal input or the RSYN SYNC 
signal output on the DSR pin. 
0 Input DSR on OSA. _ 
1 Output RSYN on DSR. 


RCR 
3 STRSYN —Strip SYN Character (COP only). 
0 Do not strip SYN character. 
1 Strip SYN character. 


RCR 
2 2ADCMP —One/Two Address Compare (BOP only). 
0 Compare one address byte with the contents of AR1. 
1 Compare two address bytes with the contents of AR1 


and AR. 


1-91 


1 RABTEN —Receiver Abort Enable (BOP only). 

0 Do not abort frame upon error detection. 

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. 


RCR 
QO MARES —Receiver Reset Command. 
0 Enable normal receiver operation. 
1 Reset receiver, Resets the receiver section including 


the AxFIFO and the RSR (but not the RCRA). RRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
requires clearing after RESET. — 





Receiver Data Register (RDR) 
R68561 (Word Mode) 


[15] 14 ]19 [12 ]19 Jno fo |e |7 [6 [5 [4 [3 f2 [3 Jo) 
| MsB_ Byte isa | MSB_ByteO LSB 


MSB Byte 1 LSB MSB Byte 0 LSB 


R68560 (Byte Mode) 


ee 


The receiver has an 8-byte (or 4-word) First In First Out (FIFO) 
register file (RxFIFO) where received data are stored before 
being transferred to the bus. The received data is transferred 
out of the RxFIFO via the RDR in 8-bit bytes or 16-bit words 
depending on the WD/BYT bit setting in PSR2. When the 
RxFIFO has a data byte/word ready to be transferred, the RDA 
Status bit in the RSR is set to 1. 
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Receiver Interrupt Vector Number Register (RIVNA) 


a 


Reset value = $0F 


If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enable bits In the 
IER) and the corresponding bit is set in the RIER, IRQ output 
is asserted to request MPU receiver interrupt service. When the 
IACK input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 
Register (RIVNR) is placed on the data bus. : 


Receiver Interrupt Enable Register (RIER) 





Ps] 4 | 3 | 2 [1 [oe] 
C/PERR ROVAN | RA/B 
oie me he | Pee |? | 

Reset value = $00 


The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable bits for the Receiver Status Register (ASR). When 
enabled, the [RQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 


RIER 
7 RDAIE $= —Recelver Data Available Interrupt 
Enable. . 
0 Disable RDA Interrupt. 
1 Enable RDA Interrupt. 
RIER 


6 EOF IE —End of Frame Interrupt Enable. 
0 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 


5 —Not used. 


4  C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 Disable C/PERR Interrupt. 
1 Enable C/PERR Interrupt. 


RIER 
3. FRERR JE —Frame Error Interrupt Enable. 
0 Disable FRERR Interrupt. 
1 Enable FRERA Interrupt. 
RIER 
2 ROVRN IE —Recelver Overrun Interrupt Enable. 
0 Disable ROVRN Interrupt. 
1 Enable ROVAN Interrupt. 


1 RA/B IE -—Receiver Abort/Break Interrupt Enable. 
0 Disable RA/B Interrupt. 
1 Enable RA/B Interrupt. 


0 —Not used. 
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TRANSMITTER REGISTERS 
Transmitter Status Register (TSR) 


Pa Eee eee eee 
Prora [aro [of [0 | Tunan | TERA | 0 | 
Reset value = $80 


The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their respective positions, by writing 
a 1 into the TCR TRES bit, or by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 





and the corresponding interrupt enable bit in the TIER is set. 


TSR 
7 TDRA —Transmitter Data Register Available. 

0 The TxFIFO is full. — 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 

TSR. 
6 TFC —Transmitted Frame Complete. (BOP, BSC 
and COP only). 

0 Frame not complete. 

1 Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 

TSR 
5-3 —Not used. 
TSR 
2 ‘QTUNRN -—Transmitter Underrun (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the TxFIFO. 
0 No transmitter underrun occurred. 
1 Transmitter underrun occurred. 
TSR 


1 = TFERR —Transmit Frame Error (BOP only). 
0 No frame error has occurred. 
1 No control field was present (short frame). 


Transmitter Control Register (TCR) 


i ee 


Reset value = $01 


The Transmitter Controt Register (TCR) selects transmitter con- 
trol function. 


TCR 
7 TEN —Transmitter Enable. 
0 Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 
1 Enable transmitter. 
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TCR 
6 TDSREN —Transmitter Data Service Request 
Enable. 
0 Disable transmitter DMA mode. 
1 Enable transmitter DMA mode. 
TCR 
5 Tics —Transmitter Idle Character Select. Selects 
the idte character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 

0 Mark Idle (TxD output is held high). 

1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 

TCR 

4 THW —Transmit Half Word. (R68561, word mode. 
only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be 0 in byte mode (R68560). 

0 Transmit full word (16 bits) from the TxFIFO. 

1 Transmit upper byte (8 bits) from the TxFIFO. 

TCR 
3 %(TLAST #=—Transmit Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character in a frame 
or block. 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a 0 when the associated 
word/byte is written to the TxFIFO. If the transmitter 
DMA mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 

TCR 

2 TSYN —Transmit SYN (BSC and COP only). 

8) Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded into the Transmitter Shift Register. 

TCR 

1 = =TABT —Transmit ABORT (BOP only). 

0 Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1’s. A 


data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 
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TCR 
0 TRES —Transmitter Reset Command. 
0 Enable normal transmitter operation. 
1 Reset transmitter. Clears the transmitter section 


including the TxFIFO and the TSA (but not the TCR). 
The TxD output is held in ‘'Mark” condition. TRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. TRES 
requires clearing after RESET. 





Transmit Data Register (TDR) 
R68561 (Word Mode) 


[15 {14 ]19 ]x2]14 Juofo fe [7 [6 [5 [4 [3 fe fs [Jo 
[MsB Byer tsa | MSB_ Byteo LSB | 


MSB Byte 1 LSB | MSB Byte 0 LSB 
RGB560 (Byte Mode) 


The transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSR is set to 1 when the TxFIFO is ready to accept another 
data word/byte. 


Transmitter Interrupt Vector Number Register (TIVNA) 


Paar ee sls. a | vo 


Reset value = SOF 


If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the [RO 
output is asserted to request MPU transmitter interrupt service. 
When the [ACK input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 


Transmitter Interrupt Enable Register (TIER) 


je Oe Ne ae a ae SP le e108] 
baled al 
iE Ie IE IE 


Reset value = $00 





The Transmitter interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 


TIER 
7 ‘4TORAIE —Transmitter Data Register (TDR) Avail- 
able Interrupt Enable. 

0 Disable TDRA Interrupt. 


1 Enable TDRA Interrupt. 
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TIER 
6 tTFCIE —Transmit Frame Complete (TFC) Interrupt 
Enable. 
ie) Disable TFC Interrupt. 
1 Enable TFC Interrupt. 
TIER 
5-3 —Not used. . 
TIER 
2  TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 
0 Disable TUNRN interrupt. 
| Enable TUNAN Interrupt. 
TIER 
+. TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 
0 Disable TFERR Interrupt. 
1 Enable TFERR Interrupt. 
TIER 
0 —Not used. 


SERIAL INTERFACE REGISTERS. 
Serial Interface Status Register (SISR) 


ie Oe Uw 
[erst [sat [poor [orsiv [osatve | pon [| o| 


Reset value = $00 


The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) are cleared by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ: output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding interrupt enable bit.in the SIER is set. 





SISR 
7 cCcTst  $=-—Clear to Send Transition Status. 
1 CTS has transitioned positive (from active to inactive). 
(TRES must be zero). , 
0 CTS has not transitioned positive. 
SISR 
§& DSRT = —Data Set Ready Transition Status. 
1 DSR has transitioned negative (from inactive to active), 
0 DSR has not transitioned negative. 
SISR 
5 OCDT —Data Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to inactive). 
0 DCD has not transitioned positive. 
SISR 
4 CTSLVL —Clear to Send Level. 
0 CTS input level is negated (high). 
1 CTS input level is asserted (low). 
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SISR 

3  DSRLVL —Data Set Ready Level. 

0 DSR input level is negated (high). 

1 DSR input level.is asserted (low). 
SISR 

2 DCDLVL -—Data Carrier Detect Level. 

0 DCD input level is negated (high). 

1 OCD input level is asserted (low). 
SISR 

1-0 —Not used. 


Serial Interface Control! Register (SICR) 


ee eae ee 
Parsive foram [o [0 | 0 | ecHO | Test | Wr 


Reset value = $00 


The Serial Interface Contro! Register (SICR) controls various 
serial interface signals and test functions. 


SICR: 
7 RTSLVL —Request to Send Level. 
0 Negate RTS output (high). 
1 Assert ATS output.(low). 


NOTE 


In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the transmitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 





SICR Le 
6 OTRLVL W—Data Terminal Ready Level. 
0 Negate DTR output (high). 
1 Assert DTR output (low). 
SICR 
5-3 —Not used. These bits are initialized to'0 by 
RESET and must not be set to 1. 
SICR 
2 ECHO —Echo Mode Enable. 


0 Disable Echo mode (enable normal operation). 

1 Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 


SICR 

1 = =TEST —Self-test Enable. 

0 Disable self-test (enable normal operation). 

1 Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through to the receiver through 
RxD and RxC, respectively (DCD and CTS are 
ignored). This ‘‘loopback”’ self-test may be used for 
all protocols. RxC is external regardless of the state 
of CCR bit 2. CCR bit 3 may be a0 ora 1. 
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SICR 
0 NRzZI —NRZI Data Format Select. Selects the 
transmit and receive data format to be NRZ 
or NRZ!I. 
0 Select NRZ data format. NRZ coding—high = 1 and 
low = 0. 
1 Select NRZ! data format. The serial data remains in 


the same state to send a binary 1 and switches to the 
opposite state to send a binary 0. A 1 bit delay is added 
to the TxD output to allow for encoding. 


Serial Interrupt Vector Number Register (SIVNRA) 


Pople dice. [ws ee i 


Reset value = $0F 


\f a serial interface interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in the SIER) and the corresponding bit in the SIER is set, the 
IRQ output is asserted to request MPU serial interface interrupt 
service. When the IACK input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNA) is placed on the data bus. 


Serial Interrupt Enable Register (SIER) 





Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 
7 CTSIE =—Clear to Send (CTS) Interrupt Enable. 
0 Disable CTS Interrupt. 
1 Enable CTS Interrupt. 
SIER 
6 DSRIE $$ —Data Set Ready (DSR) Interrupt Enable. 
0 Disable DSR Interrupt. 
1 Enable DSR interrupt. 
SIER 
5 DCDIE —Data Carrier Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. 
1 Enable DCD Interrupt. 
SIER 
40 —Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and ARES in the RCR should 
be set then cleared prior to performing normal mode processing. 


Protocol Select Register 1 (PSR1) 

Pee ese eS ee 
fo fefefel|eo|o | cnex | Adve 
Reset value = $00 

Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 


7-2 —Not used. 


1 CTLEX —Control Field Extend (BOP only). 
0 Select 8-bit control field. 
1 Select 16-bit control field. 


PSR1 
6 ADDEX $-—Address Extend (BOP only). 
0 Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
1 Enable address extension. When bit 0 in the address 


byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all 0’s (null address). 


Protocol Select Register 2 (PSR2) 


WD/BYT | STOP BIT SEL |CHAR LEN SEL} PROTOCOL SEL 





Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


PSR2 
7 WO/BYT —Data Bus Word/Byte Mode. 
0 Select byte mode. Selects the number of data bits to 


be transferred from the AxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the TxFIFO and the registers. The MPCC is initial- 
ized by RESET to the byte mode. | 

1 Select word mode. For operation with the 16-bit bus, 
select the word mode by sending $80 on D7 — DO to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 


PSR2 

6-5 STOP BIT SEL —Number of Stop Bits Select. 
Selects the number of stop bits 
transmitted at the end of the data 
bins in ASYNC and ISOC modes. 


No. of Stop Bits 


6 5 
SB2 SBI ASYNC ISOC 
0 0 1 1 
0 1 1-1/2 2 

1 0 


2 2 
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PSR2 

4-3. CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 


4 3. 
CL2 cli Character Length 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 6 bits 


PSR2 
2-0 PROTOCOL SEL—Protocol Select. Selects protocol 
and defines the protocol dependent 


control bits. 

2 1 0 

PS3 PS2 PSt Protocol 
ce] 0 0 BOP (Primary) 
0 0 1 BOP (Secondary) 
0 1 0 Reserved 
0 4 1 COP 
1 0 0 BSC EBCDIC 
4 0 1 BSC ASCII 
1 1 0 ASYNC 
1 1 1 ISOC 


Address Register 1 (AR1) 


age se oe ea eae 


Reset value = $00 


Address Register 2 (AR2) 


Ra Roe i eee eee 
BOP ADDRESS/BSC & COP SYN 


Reset vatue = $00 





The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 


contain programmable leading PAD and programmable SYN . 


characters, respectively. 


Address Register (AR) Contents 
2ADCMP 





Protocol Selected 


‘BOP (Primary) x 
BOP (Secondary) 


Address 
Address 
Leading PAD 


: Address 
BSC EBCDIC SYN 
BSC ASCII Leading PAD SYN 


COP Leading PAD SYN 


x Worwes [PO 
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Baud Rate Divider Register 1 (BROR1) 


re eee oe fe | ee 


Reset value = $01 


Baud Rate Divider Register 2 (BRDR2) 


Pe cell SE Be)” Bea see ee wi he 
BAUD RATE DIVIDER (MSH) 


Reset value = $00 





The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 


the Baud Rate Divider value must be multiplied by two for the 


same Prescaler Divider value. 


The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 


Crystal Frequency 


BRD} 
(Prescaler Divider) (Baud Rate) (K) 


1 for isochronous or synchronous 
2 for asynchronous 


where: K= 


Clock Control an (CCR) 


fli ia PSCDIV | TCLKO | RCLKIN | CLK SEL 


Reset value = 






The CCR selects various clock options. 


CCR 
7-5 —Not used. 
CCR 
4 PSCDIV —Prescaler Divider. The Prescaler Divider 


network reduces the external/oscillator fre- 
quency to a value for use by the internal 
Baud Rate Generator. 

0 Divide by 2. 


1 Divide by 3. 
CCR 
3 TCLKO $= —Transmitter Clock Output Select. 
0 Select TxC to be an input. 
| Select TxC to be an output. 





R68560, R68561 Multi-Protocol Communications Controller (MPCC) 





Table 3. Standard Baud Selection (8.064 MHz Crystal) 


Baud Rate Divider 
Prescaler Divider Isochronous and Synchronous 


Desired Hexadecimal Value Hexadecimal Value 
Baud Rate Decimal PSCDIV Decimal BADR2 © BRDA1 Decimal BROR2 BRDR1 
(Bit Rate) Value (0 to 1) Value (MSH) (LSH) Value (MSH) (LSH) 


00 D2 
00 D2 





_ 


ssesesggsszexes 





0 
1 
0 
{ 
0 
1 
0: 
0 
0 
1 
0 
1 
1 
1 





CCR ECR 
2 RCLKIN —Receiver Clock Internal Select (ASYNC & ODDPAR —Odd/Even Parity Select (Effective only 
only). when PAREN = 1). 
8) Select External AxC. 0 Generate/check even parity. 
1 Select Internal RxC. 1 Generate/check odd parity. 
eck oy —Not used 
1-0 CLK DIV —External Receiver Clock Divider. Selects — ee 
the divider of the external RxC to determine ECR 
the receiver data rate. 3 CFCRC —Control Field CRC Enable. 
0 Disable contro! field CRC. Enables an intermediate 
CK2, CKI Divider CRC remainder to be appended after the address/con- 
0 0 1 (ISOC) trol field in transmitted BOP frames and checked in 
0 1 16 received frames. The CRC generator is reset after con- 
1 0 32 trol field CAC calculation. 
1 1 64 
ECR 
2 CRCPRE —CRC Generator Preset Select. 


Error Control Register (ECR) 


ee es ES a 


Pi jo | 

ODDPAR CRCCTL | CRCPRE 

i is ela aR een 
$04 


Reset value = 


0 Preset CRC Generator to 0. 
1 Preset CRC Generator to 1 and transmit the 1's com- 
plement of the resulting remainder. 












ECR 
1-0 CRCSEL —CRC Polynomial Select. Selects one of the 
RC polynominals. 





a 
The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 


1 0 
CR2 CR1 Polynominal 
ECR O 0 x164x124%5+14 (CCITT V.41) 
7 PAREN —Parity Enable. (ASYNC, ISOC and COP O 1 xI6+x15+x2+41 (CRC-16) 
only). 1 O x8+1 (VRC/LRC)* 
oO Disable parity generation/checking. 1 1 Not used. 
d Enable parity generation/checking. “VAC: Odd-parity check is performed on each 


character including the LRC character. 
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INPUT/OUTPUT FUNCTIONS 


MPU INTERFACE 


Transfer of data between the MPCC and the system bus involves 
the following signals: 


FA68561 R68560 
Address Lines A1-A4 AQ-A4 
Data Lines DO-D15 DO-D7 
ReadMrite RIV R/W 
Data Transfer Acknowledge “DTACK DTACK 
Chip Select cs cs 


Data Strobes UDS and LDS DS 


Figures 10 and 11 show typical interface connections. 


Read/Write Operation 


The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
'/O buffer acts as an output driver. during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 


When the R68561 is connected to the 16-bit bus for operation 
in the word mode (WD/BYT = 1 in the PSR2), address lines 
A1-A4 select the internal register(s) (the 8-bit control/status 
registers are accesed two at a time-and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits of f register 
data are placed on the data bus when the data strobes (LDS and 
UDS) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (D0-D7) and UDS 
strobes the eight data bits from the odd numbered registers to 
the upper data bus lines (O8-D15). The MPCC asserts Data 
Transfer Acknowledge (DTACK prior to placing data on the data 
bus. Conversely, when the MPCC is selected (CS low) during 
a write (R/W low) LDS and UDS strobe data from the DO-D7 
and D8-D15 data bus lines into the addressed even and odd 
numbered registers, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS is negated. Figures 12 and 13 
show the read and write timing relationships. 














When the R68560.is connected to the &-bit bus for operation In 
the byte mode (WD/BYT = 0 in the PSR2), address lines AO-A4 
select one internal &-bit register. When the MPCC is selected (cs 
low) during a read (R/W high), eight bits of register da data are placed 
on data bus lines DO—-D? when the data strobe (DS) is asserted. 
When the MPCC is selected (CS low) for a write (R/W low), DS 
strobes data from the DO-D7 data lines into the selected register. 


DMA INTERFACE 


The MPCC is capable of providing DMA data.transfers up to 2 
Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and § bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 


The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
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MPCC and the DMAC is accomplished by a two-signal 
request/acknowledge handshake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W input to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and:the Receiver Data Service Request (RDSR) 
acknowledge. 


Receiver DMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
ACR is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as the current RDSR cycle 
is completed (i.e., a full sequence of DACK, DS, and DTC). 




















in response to RDSR assertion, the DMAC sets the RW line to 
write, asserts the memory address, address strobe, and DMA 
acknowledge. The MPCC outputs data from the RxFIFO to the 
data bus and the DMAC asserts the data strobes. The memory 





_latches the data and asserts DTACK to complete the data transfer. 


The DMAC asserts DTC to indicate to the MPCC that data transfer 
is complete. Figure 13 shows the timing relationships for the 
receiver DMA mode. 


RDSR i is inhibited when either RDSREN is reset to 0 or RRES 
is set to 1 (both in the RCA), or when RESET is asserted. 





Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is. available, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transfer. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. 











In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA acknowledge. The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will remain valid until the data strobes 
are negated. The DMAC asserts DTC to indicate to the MPCC 
that data is available. The MPCC loads the data into the TxFIFO 
on the negation (rising edge) of DS and the transfer is complete. 
A timing diagram for the transmitter DMA Mode is shown in 
Figure 15. 








TDSR Is inhibited when either TDSREN is reset to 0 or TRES 
is set to 1 (both in the TCR), or when RESET is asserted. 





DONE Signai 


When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus If the DONEEN bit is set to a 1 in the RCR. 
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INTERRUPTS 


If an interrupt generating status occurs and the interrupt is 
‘enabled, the MPCC asserts the. IRQ output. Upon receiving IACK 
for the pending interrupt request, the MPCC places an interrupt 
vector on DO-D7 data bus and asserts DTACK. 





The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVNA), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has higher priority over the 
transmitter interrupt, and the transmitter interrupt has priority over 
the serial interface interrupt. For example, if a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) is 
placed on DO-D7 when acknowledged by the MPU. Upon com- 
pletion of the first interrupt request cycle (which clears the receiver 
interrupt), IRQ will remain low to start the transmitter interrupt 
cycle. IRQ is negated by clearing all bits set in a status register 
that could have caused the interrupt. 


A timing diagram for the interrupt. acknowledge sequence is 
shown in Figure 15. 


SERIAL INTERFACE 


The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 


RTS (Request to Send) Output 


The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or frame), complete with CRC code if any, has been 
transmitted. RTS also is negated when the RTSLVL bit is reset 
during transmitter idle, or when the RESET input is asserted. 


CTS (Clear to Send) Input 


The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS input 
while the CTSLVL bit in the SISR reflects the current level. A 
Positive transition on the CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 


DCD (Data Carrier Detect) Input 


The DCD input signat is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The DCDT bit in the SISR reports the transition 
Status of the DCD input while the DCDLVL bit in the SISR con- 
tains the current level. A positive transition on the DCD pin asserts 
the IRQ output if the DCD IE bit in the SIER is set. A negated 
DCD input disables the start of the receiver. 
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DSR (Data Set Ready) Input/RSYN Output 


The DSRT input from the DCE indicates the status of the local 
set. The DSAT bit in the SISR contains the transition status of 
the DSR input while the DSRLVL bit in the SISR reports the 
current level. A negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 


When the RSYN bit in the RCR is set.to 1, the frame synchroniza- 
tion signal (RSYN) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or COP, or an address match in BOP. 


DTR (Data Terminal Ready) Output 


The DTR output:is general purpose in nature and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 


TxC (Transmitter Clock) Input/Output 


The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 0 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. , 


TxD (Transmitted Data) Output 


The serial data transmitted from the MPCC is coded in NRZ or 
NAZI (zero complement) data format as selected by the NRZI con- 
trol bit in the SICR. 


AxC (Receiver Clock) Input 


The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 


The serial data received by the MPCC can be coded in NRZ or 
NRZI data format. The MPCC will decode the received data in 
accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing 


The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous opera- 
tion. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two MPCCs connected as shown in Figure 17. 


For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter can 
be used in the TxC output lines as shown in Figure 17. RS-232 
and RS-423 (covering serial data interface up to 100K baud) 
require that data be centered + 25% about the negative-going 
edge of the RxC. This criteria is met for frequencies up to 1.25 
MHz using the inverter. Use of the inverter also allows MPCC 
to MPCC operation up to 2.17 MHz. 
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SERIAL COMMUNICATION MODES 
AND PROTOCOLS 


ASYNCHRONOUS AND ISOCHRONOUS MODES 


Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 1%, or 2 stop bits. The data character 


Is transmitted with the least significant bit (LSB) first. The data - 


line is normally.held high (MARK) between frames; however, a 
BREAK (minimum of one frame length for which the line is held 
low) Is used for contro! purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 


Asynchronous Receive 


In the asynchronous (ASYNC) mode, data received on RxD occurs 
in three phases: (1) detection of the start bit and bit synchro- 
nization, (2) character assembly and optional parity check, and 
(3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When ACLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate 
establishes the data bit midpoint and maintains bit synchroniza- 


START LBS 











ISOCHRONOUS FRAME FORMAT 


CLK 





tion. The character assembly process does not start if the start 
bit is less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors 
occurred. They are passed on to the RxFIFO and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 


Isochronous Receive 


In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satisfied 
by the detection of a high-to-low transition on the serial data input 
fine. Error detection and status indication are the same as the 
asynchronous mode. 


Asynchronous and Isochronous Transmit 


In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed by 
the data character which is transmitted LSB first. If parity genera- 
tion is enabled, the parity bit is transmitted after the MSB of the 
character. 


ASYNCHRONOUS FRAME FORMAT 
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Figure 4. Asynchronous and Isochronous Frame Format 
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SYNCHRONOUS MODES 


In synchronous modes, a one-times clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 


BIT ORIENTED PROTOCOLS (BOP) 


In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequerice, and a closing 
flag. A frame may also contain an information field. (See Figure 5). 


The opening fiag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 
address field can be extended by setting the ADDEX bit to a 1 
in PSA1. In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit 0. Up to two bytes 
of the address field may be automatically checked when the 
MPCC is programmed to be a secondary station in BOP. An 
automatic check for global (11111111) or null (Q0O000000) address 
is also made. The control field of one or two bytes is transparent 
to the MPCC and sent directly to the host without interpretation. 


The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X16 + X12 
+ X5 + 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECA. The registers representing the 
CRC-CCITT polynomial are generally preset to ail 1s, and the 1s 
complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 


Zero ingertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data stream. 
These inserted zeros are removed by the receiver to restore the 
data to its original form. The inserted zeros are not included in 
the CRC calculation. 


ADDRESS CONTROL 
10RN 10R . 
BYTES 2 BYTES 
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The end of the frame is determined by the detection of the closing 
Flag special character which is the same is the opening Flag. 


With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 


BOP Recelver Operation 


In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing flag 
for one frame serves as the opening flag for the next frame) and 
the shared zero (the ending 0 of a closing flag serves as the begin- 
ning O of an opening flag forming the pattern 
“0111191101111110." 


Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation in- 
cludes all the characters between the opening Flag and the clos- 
ing Flag. The contents of the CRC register are checked at the 
close of a frame and the C/PERR bit in the RSR is updated. The 
FCS and the Flag are not passed on to the RxFIFO. 


If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the re- 
maining frame is discarded and the RA/B bit is set in the RSA. 
When a link idle (15 or more consecutive 1s) is detected, the Ri- 
DLE status bit is set in the RSR. The zeros that have been inserted 
to distinguish data from special characters are detected and 
deleted from the data stream before characters are assembled. 
The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. , 


INFORMATION FLAG 
N BYTES 01111110 
(OPTIONAL) : 





Figure 5. Bit Oriented Protocol (BOP) Frame Format 


IBM SDLS FRAME FORMAT 


ADDRESS 


CONTROL 
1 BYTE 1 BYTE 


-INFORMATION 
N BYTES 





-ADCCP/HDLC FRAME FORMAT 


FLAG ADDRESS CONTROL 
01111110 N BYTES 10R 
2 BYTES 









INFORMATION FCS FLAG 
N BYTES 2 BYTES 01411110 


Figure 6. Implemented Bit Oriented Protocols 








R68560, R68561 


-Multi-Protocol Communications Controller (MPCC) 





For the control field, one or two bytes are assembled and passed 
on to the-RxFIFO depending on the state of the extended con- 
trol field bit. 


If the CFCRC bit in the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 


In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = 0 in the TCR). When the 
transmitter is enabled (TEN =. 1 in the TCR), the leading Flag 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the. TUNRN bit in the TSR is set to 
a 1 and an Abort (11114111) is transmitted followed by continuous 
Flags or marks until a new sequence is initlated. 


The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append the 
two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TDSREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 





A message may be terminated at any time by setting the TABT 
bit in the TCR to 1, This causes the transmitter to send an Abort 
‘character followed by the remainder of the current frame data 
in the TxFIFO. 


The serial data from the Transmitter Shift Register is continuously 
monitored for five consecutive 1s, arnid.a 0 is inserted in the data 
stream each time this condition occurs (excluding Flag and Abort 
characters). 


CRC accumulation begins with the first non-Flag character and 
‘includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR jis set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) 


The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting the 
appropriate CRCSEL bits in the ECR for both transparent and 


LEADING PAD 


1 BYTE 





non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 


Table 4. BSC Control Sequences—Inclusion 
in CRC Accumulation 


ee ae 
-Sommind | Bye | Bie 2 | Commend} Bye | Bye 2 


SYN 


. SOH 
STX 
EOB (ETB) 





' Note: *Programmable 


A heading is a block of data starting with an SOH and containing 
one or more characters that are used for message control (e.g., - 
message identification, routing, and priority). The SOH initiates 
the block-check-character (BCC) accumulation, but is not included 
in the accumulation. The heading is terminated by STX when it 
is part of a block containing both heading and text. A block con- 
taining only a heading is terminated with an (T8 or an ETB 
followed by the BCC. Only the first SOH or STX in a transmis- 
sion block following a line turnaround causes the BCC to reset. 
All succeeding STX or SOH characters are included in the BCC. 
This permits the entire transmission (excluding the first SOH or 
STX) to be block-checked. 


The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing and 
more efficient error control. Each block starts with STX and ends 
with ETB (except for the last block of a message, which ends with 
ETX). A single transmission can contain any number of blocks 
(ending with ETB) or messages (ending with ETX). An EOT follow- 
ing the last ETX block indicates a normal end of transmission. 
Message blocking without line turnaround can be accomplished 
by using ITB (see the Additional Data Link Capabilities section, 
IBM GA 27-3004-2). 


TRAILING 
PAD 





(AR1) 








14997111 


Figure 7. BSC Block Format 
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Two modes of data transfers are used in BSC. In non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a data 
link escape (DLE) character to differentiate it from the text data. 
Table 5 indicates which control characters are excluded in the 
CRC generation. All characters not shown in the table are included 
in the CRC generation. Figure 8 shows various formats for 
Control/Response Blocks and Heading and Text Blocks. 


Table 5. BSC Control Sequences — inclusion 
in CRC Accumulation 


Included in CRC Accumulation 
Character of Sequence 


DLESYN — 
























-_ _ DLESOH 
DLESTX 
ETB DLE 
ETX DLE 
(DLE)DLE DLE(OLE) 


BSC Receiver Operation. 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that VAC/LRC 
polynomial is selected. Character assembly starts after the receipt 
of two consecutive SYN characters. Serial data bits are shifted 
through the Receiver Shift Register into the Serial-to-Parallel 
Register and transferred to the RxFIFO. The RDA status bit in 
the RSR is set to 1 each time data is transferred to the RxFIFO. 
The SYN character in non-transparent mode and DLE-SYN pairs 
in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or OLE-ITB, DLE- 
ETB, DLE-ETX in transparent mode. If a CRC error is detected, 
the C/PERR and EOF bits in the RSR are set to 1. If no error 


LEADING PAD 


$8 BITS 


*If not preceded within the same block by transparent heading 
information. 


is detected only the EOF bit is set. If the closing character was 
an ITB, BCC accumulation and character assembly starts again 
on the first character following the BCC. 


BSC Transmitter Operation 


BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An initial 
SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 
The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by OLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. !f an underrun occurs, DLE-SYN characters 
will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated as 
a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, and 
returns the data link to normal mode. BCC generation is not used 
for messages beginning with characters other than SOH, STX, 
DLE-SOH, or DLE-STX. On ail message types, if the TSYN bit 
is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence on 
transparent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. , 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair of 
consecutive SYN characters to establish character synchroniza- 
tion. These SYN characters are discarded after detection. The 
PAD and SYN characters may be 5-8 bits long and are user pro- 
grammable as stored in AR1 and AR2, respectively. 


If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message will 
be discarded and will not be passed on to the RxFIFO. If STRSYN 
is reset, SYNs detected within the message will be treated as data. 


MESSAGE 
5-8 BIT CHARACTERS 





(AR1) 


Figure 9. Character Oriented Protocol Format 
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Typical Interface to 68008-Based System 


Figure 11. 
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LDS/DS 
UDS2 


nae Cane eae 
nw /VUli, ANN 


DTACK 


DO-D15 


NOTES: ; - 

1. BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. . . 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 





Figure 12. MPCC Read Cycie Timing 


. @O— 
ee cen ae 


2 
ae | ana 


NOTES: 

1. BYTE MODE WHEN CONNECTED TO AO ON 68006 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 





Figure 13. MPCC Write Cycle Timing 


1-107 


R68560, R68561 Multi-Protoco! Communications Controller (MPCC 
















INTERNAL 
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(BAUD RATE) 

















RDSR HIGH FOR 1 CLOCK 


PERIOD MINIMUM 






ASSERTED FOR 1 CLOCK CYCLE 






DACK 












LDS/DS 
UDS/A0? 





DO-D15 


aie Be 
@ |. 
| (7) 











DONE 


DTc 


NOTES: : 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 


1-108 





R68560, R68561 Multi-Protocol Communications Controller (MPCC) 








st 


INTERNAL 
TRANSMITTER 
CLOCK 

(BAUD RATE) 












HIGH FOR 1 CLOCK 
PERIOD MINIMUM 


TDSR 





ASSERTED FOR 1 CLOCK CYCLE 


DACK i i a. en caer 


LDSs/DS 
UDS/A02 





+ {21} (22) 


MLL LL, 


DONE 


NOTES: 
1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 


OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 
2. WORD MODE ONLY. 





Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 
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LDS/DS 


INTERRUPT VECTOR 


NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

2. RQ iS NEGATED WHEN ALL BITS IN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT 
ARE CLEARED. 








Figure 16. Interrupt Request Cycle Timing 
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HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 











Figure 17. Serial Interface 
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Figure 18. Serial Interface Timing 


NOTE: 
TIMING MEASUREMENTSS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 








Figure 19. ‘Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 
(Vcc = 5.0 Vde +5%, Vgg = 0 Vde, Ta = O°C to 70°C) 








amber a 


3¢") GS Low to DTACK Low 





8 | 68, DS High to Date ald | te | 
6 (GS, DS High we DTAGK High | tour 
p78, BS High o Adress vata «| stww 
s| BOS High to RWiow tom 
8 Wow to G5, OStow dS tae 
30 High, OS High we AMTHh | td 
«dC Vals to OS, OS High toe 
17 BS Hi 









. _ .CS, DS High to Data Invalid | tenoxw | 
Data Valid to OS High 






21 





ae 

eee i alae =a 
as Lt BAO Low ta 
[a8 BS Low to Ota vad ty 
[ae gn BAC Hg 
| 30" RxC and TxC Period top 
ae 
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34 
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Tx Low to TxD Delay tretto 

RxC Low to RxD Transition (Hold) tactrRD 

RxD to TxD Delay (Echo'Mode) tapre 
R/W Low to DTACK Low (Setup) tacaL 


DACK High to DONE High {tenon | 
Note: 


1. For read cycle timing, the MPCC asserts DTACK within the MPU S4 clock low setup time requirement and establishes 
valid data (Data In) within the MPU S6 clock low setup time requirement. 
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ABSOLUTE MAXIMUM RATINGS* 


[—Poranater [Symon] value [Unt 
[Suosyvetess | Mee 08m +70 v | 
[nowvoiags =i Wwf a8 70 V | 
[opwaig Troatve awe | Ty | Owe | | 













THERMAL CHARACTERISTICS 


[reemer —[er [vate [ts 


Thermal Resistance 
Ceramic 
Plastic 


OPERATING CONDITIONS 


Operating Temperature O°C to 70°C 





DC CHARACTERISTICS 





*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


(Voc = 5.0 Vde +5%, Vsg = 0 Vde, Ta, = 0°C to 70°C unless otherwise noted) 


Parameter 


Input Low Voltage 


eT To en 


Input High Voltage 
All inputs 


All inputs 


input Leakage Current (Vij = 0 to 5.25V) 
RW, RESET, CS 


Three-State (Off State) Input Current (Viy = 0.4 to 2.4) 
(RQ, DTACK, D0-D15 


Output High Voltage 
RDSA, TDOSR, IRQ, DTACK, DO-D15 
TxD, TxC 


Output Low Voltage — 
RDSR, TOSR, IRQ, DTACK Do-D15, DSR, DTR, ATS, 
TxD, TxC, BCLK, 


Internal Power Dissipation 


Input Capacitance 


Vee = 4.75V 
lLoap = —.400nA 
Croan = 190 pF 


Veo = 4.75V 
lLoao = 3.2 mA 


Voc = 4.75V 
lLoap = 8.8 mA 
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PACKAGE DIMENSIONS 


48-PIN CERAMIC DIP 
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LOCAL NETWORK CONTROLLER (LNET 
Rockwell 2 ( 





PRELIMINARY 

DESCRIPTION FEATURES 
The AG8B802" Local Network Controller (LNET) implements the e Serial data rates as high as 10M bps 
IEEE 802.3 CSMA/CD Access Method local network standard. e Compatible witha variety of 8- or 16-bit processors and DMA 
More generally, it is designed to support a variety of local net- controllers 
work designs with varying performance requirements. e Meets the IEEE 802.3 (as well as Ethemet") specifications for 
The basic function of the LNET is to execute the CSMA/CD ee 

e dasic fun I ecu : 
algorithm, perform parallel-to-serial and serial-to-parallel con- « Interfaces to SEEQ ane Manet ste! Roce: Converter (MCC) 
versions of the 10M bps packet data stream, and assemble and e Programmable interframe wait times for smaller topologies 
disassemble the packet format. In addition, the LNET provides and lower data rates 
the necessary asynchronous handshake signals to the 68000 e CSMA/CD algorithm: 
family processors, the required DMA interfaces, and the proper —Wait before transmit 
interface to the Manchester Interface (MI) component(s) used —Jam on collision 


to connect the LNET to an IEEE 802.3 defined Media Attach- 


ment Unit (MAU). — Binary exponential backoff 


Programmable 2- or 6-byte address recognition 
Supports three modes of node self-test . 
Programmable disable on reception 

32-bit CRC generation and reception 
Broadband applications 

TTL compatible O 


The controller can interface data terminal equipment to local 
networks with differing performance requirements. At the high 
end, the R68802 meets the IEEE 802.3 10M bps specification 
and supports the implementation of ISO layers one and two. For 
low cost networks, the controller can be run at greatly reduced 
data rates and inexpensive system components (drivers, cables, 

















etc.) may be selected. 40-pin DIP 
: Single 5V power supply 
The LNET controller implements a protocol known as Carrier “R6B802 is a trademark of the Rockwell Intemational Corporation. 
-Sense Multiple Access with Collision Detection (CSMA/CD), *Ethernet is a trademark of the Xerox Corporation. 
which allows multiple Data Terminal Equipment to share the 
same communication medium without the need for a central 
arbiter of medium utilization. 
- : : j vccc 1 40 (2 MAUREQ 
‘Ethernet nodes needing to transmit wait exactly 9.6 «ws before RW 2 39 (F MAUAVAIL 
transmitting data to provide recovery time for other controllers AESET C3 3a |— ISOLATE 
and the cable itself. If a collision with another station is detected, OOcj4 37 TXCLK 
the transmission is aborted and a jam signal transmitted to alert oIcs 36 (4 TXDATA 
other nodes. Following a jam, the station waits a random amount D216 35 [> TXEN 
of time based on a Binary Exponential Back-off algorithm before DIC7 34 SIGQUAL 
‘retransmitting. Repeated collisions result in repeated retries and D478 33 SENSE 
an increase in the randomly selected time interval to improve Ds(9 32 RXCLK 
trafficking D6 10 [/) RXDATA 
i D711 30 [> MILOOP 
D8 12 — TXREQ 
D9) 13 RXREQ 
ORDERING INFORMATION Bes gee pea ae 
Part Number D110 15 DONE 
fA68802_ Temperature Range: 0°C to 70°C 012 16 5 IRQ 
013 17 24 (J DTACK 
D14(07 18 232 DS 
D151 19 22(3 [ACK 
Package: cscj20 . 21/0 GND 
C = Ceramic 
Fees R68802 Pin Assignments 
Document No. 68650N07 Product Description Order No. 706 
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PIN DESCRIPTION 


Throughout the. document, signals are presented using the 
terms active and inactive or asserted and negated independent 
of whether the signal is active in the high-voltage state or low- 
voltage’ state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 
R/W indicates a write is active low and a read active high. 


MANCHESTER 
INTERFACE 





Figure 2. LNET Input and Output Signals 


DO-D15—Data Lines. The bidirectional data lines transfer data 
between the LNET and the MPU, memory or other peripheral 
device. DO-D15 are used-when connected to the 16-bit 68000 
bus and operating in the word mode. D0-D7 are used when con- 
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and 
operating in the byte mode. The data bus is tri-stated when CS 
is inactive. (See exceptions in DMA mode.) 


CS—Chip Select. CS low selects the LNET for programmed 


transfers with the host. The LNET is deselected when the CS 
input is inactive in non-DMA mode. CS must be'decoded from’ 


the address bus and gated with address strobe (AS). 


R/W—ReadMrite. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle isa read (high) or write (low) cycle. 


DTACK—Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by the 
LNET after data has been provided” on the data bus; during 
write cycles it is asserted after data has been accepted at the 
data bus. A pull up resistor is required to-maintain DTACK high 
between bus cycles. 





DS—Data Strobe. During a write (R/W low), the DS positive 
transition latches data from the external data bus lines into the 
LNET. During a read (FW high), DS low enables data from the 
LNET onto data bus lines. 


IRQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. 


iACK—interrupt Acknowledge. The active low TACK input 
indicates that the current bus cycle is an interrupt acknowledge 
cycle. When IACK is asserted the LNET places an interrupt 
vector on the lower byte (DO-D7) of the data bus. 





DACK—DMA. Acknowledge: The DACK low. input- indicates 


that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal-is asserted by the DMAC when the DMA transfer 
count is exhausted _.and there is-no more data to be transferred, 
or is asserted by the LNET when either the last byte of receive 
data is transferred or a collision is detected during a transmission. 


RESET—Reset. The active low, high impedance RESET input 
initializes all LNET functions. RESET must be asserted for at 
least 500 TXCLKs to initialize the LNET. 





RXREQ—Receive DMA Request. When receive data becomes 
available in the RXFIFO, RXREQ output is asserted and hetd 
low for 16 (single address burst mode) DMAC cycles (16 
sequential DACK pulses) or until the end of the receive block. 
When the last data byte of the receive block is transferred, 
DONE is asserted by the LNET with the last DACK Strobe and 
the negation of RXREQ. 





TXREQ—Transmit DMA Request. When the Transmitter 


Enable bit.is set in Command Register 1, TXREQ output is 
asserted and held low for 16 (single address burst mode) DMAC 
cycles (16 sequential DACK pulses) or until the end of the 
transmit data block as signaled by the DMAC's assertion of 
DONE. 





MILOOP—MI Loopback. With an active MILOOP output, the 


‘Mi shunts its LNET data-in path to its LNET data-out- path, 


effectively routing the LNET TXDATA output into. the LNET 
RXDATA input. « .- 


RXDATA—Receive Data. ‘The LNET receives serial data via 
the RXDATA input. The RXDATA input is shifted into the receiver 
on the positive going edge of RXCLK. 


RXCLK—Recelve Clock. The free-running Receive Clock pro- 
vides the LNET with received data timing information. The. pos- 


‘itive (low-to-high) clock transition enables an RXDATA bit into 


the LNET. 


SENSE—Carrier Sense. The active high SENSE. input indi- 
cates the presence of.data on the RXDATA serial input line. 


SIGQUAL—Signal Quality.. The assertion of the active high 
SIGQUAL input by the MI indicates an error condition on the 


“medium. During the transmission mode the LNET interprets this : 
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as a collision. 


TXEN—Transmit Enable. The active. high TXEN output indi- 
cates to the MI that data is present.on the TXDATA output. 
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TXDATA—Transmit Data. The LNET transmits serial data on 
the TXDATA line. The TXDATA output changes on the positive 
going edge of TXCLK. 


TXCLK—Transmit Clock. The Transmit Clock input is a free- 
running clock supplied by: the MI that provides both a system 
clock and a means of shifting out serial data bit on the TXDATA 
output line. 


ISOLATE—Isolate MAU. The active low ISOLATE output is 
asserted when the Isolate bit in Command Register 1 is set to 
1 to isolate the MAU. from the medium. As:long as ISOLATE is 
-low, the MAU is unable to transmit or receive on the medium. 


MAUAVAIL—MAU Available. When the active.low MAUAVAIL 


input is asserted, the transmission algorithm can proceed. 


MAUREQ—MAU Request. The active low MAUREQ output is 
asserted prior to transmission if MAUAVAIL is not asserted. 


Vec—Power. 5 V + 5%. 
GND—Ground. Ground. 


LNET REGISTERS 


The LNET contains three groups of registers accessible from 
the MPU bus which initialize the LNET, control and monitor 
LNET operation, and transfer data between the LNET and the 
MPU bus. These register groups, specific registers within each 
group, and the size, access and mode of each reg|ster are listed 
in Table 1, 


All registers, except the Mode Register, may be accessed either 
in the word or byte mode, depending on the MPU data bus 
length (8-bit or 16-bit) and the Word/Byte mode selected in bit 
4 of the Mode Register during initialization. In the word mode, 
two registers are read or written during one cycle with the least 
significant byte (DO-D7) accessed first. 


; Table 1. LNET MPU Bus Accessible Registers 


Register Group 


INITIALIZATION REGISTERS 


The initialization registers contain command information to con- 
figure the LNET for normal operation. The registers are the one- 
byte Mode Register (MR), the one-byte Interrupt Vector Number 
Register (IVNA) and the two- or six-byte Station Address Reg- 
ister (SAR). These registers must be loaded upon RESET (either 
caused by power up or initiated during normal operation) or upon 
setting of the RESET bit in Command Register 1. Any of these 
conditions reset the LNET by clearing the Mode Register, Sta- 
tion Address Register, Command Registers and Status Regis- 
ters. The Interrupt Vector Number Register is auto-initialized to 
its default value of SOF. 





All initialization registers must be written to by the MPU instruc- 
tion sequence immediately after a reset in.the manner decribed 
below even if no data is changed in a register. The number of 
bytes written depends upon the number of bytes in the Station . 
Address as selected in bit 4 of the Mode Register. 


After the proper number of write cycles have been completed, 
the LNET Initialized bit in Status Register 1 is set and further 
MPU writes to the LNET will address only Command Register 
1 or Command Register 2. All MPU reads of the LNET after 
initialization is complete will access only Status Register 1 or 


. Status Register 2. 


initialization Procedure for 16-Bit MPU Bus 


Write cycle 1—write the Mode byte on the lower byte of the 
data bus DO-D7. The upper byte is not. used and can contain 
any data. 


Write cycle 2—write the Interrupt Vector Number on the lower 
byte of the data bus DO-D7. The upper byte is not used and can 
contain any data. 


Write cycle 3 or write cycles 3 through 5—write the one- or 
three-word Station Address (depending on the Station Address 
Size loaded into the Mode Register), least significant words first. 





Access 





Initialization 
. Registers aa 


Station Address “Register (SAR) : 


~ Command Register 1 (CR1) 
Operating | Command Register 2 (CR2) 
Registers 


fey Data Transmit FIFO Register File (TXFIFO) 
Buffers s 


Receive FIFO Register File (RXFIFO) | 32 ‘| 


Notes: 
1. Second byte of word ignored. 
2. Second byte. in word made ignored. 





MPU Write 


MPU Write 
MPU Read 
DMA Write 
DMA Read 


CS =L, RW = L (write 1 or 3 
sequential words or 2 or 6 
sequential bytes) 
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Initialization Procedure for 8-Bit MPU Bus 
Write cycle 1—write the Mode byte on the data bus. 


Write cycle 2—write the Interrupt Vector Number on the data 
bus. 


Write cycles 3 through 4 or 3 through 8—write the two- or six- 
byte Station Address (depending on the Station Address Size 
loaded into the Mode Register), least significant bytes first. 


Mode Register (MR) 


ee ae ee ae eed 


The Mode Register sets conditions during initialization for use 
during normal operations. It must be the first byte written during 
initiatization. All mode bits are active high, i.e., = 1. All bits are 
cleared upon RESET or setting the RESET bit to 1 in Command 
Register 1. 





MR IFWT —lInterframe Wait Time 
7-5 No. of TXCLKs 
000 16 
001 32 
010 48 
011 64 
100 80 
101 96 
110 112 
111 128 
MR 
4 BYTE W—Data Bus Byte Mode 
0 Select word mode (for use with 16-bit MPU bus). 
1 Select byte mode (for use with 8- bit MPU bus). 
MR 


3 INTCOL —Interrupt on Collision 
0 Assert only DONE on collision. 
1 Assert IRQ and DONE on collision. 





MR 

2 DISRX —Disable Receiver 

0 Enable receiver after each packet reception. 
1 Disable receiver after each packet reception. 
MR 

1 NOLC —No Length Count 


0 Use length count in packet format. 
1 Do not use length count in packet format. - 


MR 

0 SAS  --Station Address Size 
0 6-byte station address. 

1 2-byte station address. 
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Interrupt Vector Number Register (IVNR) 


I a a 


If an interrupt condition occurs (as reported by bits in Status 
Register 1 and Status Register 2), IRQ is asserted to request 
MPU interrupt service. Upon IACK input assertion, the Interrupt 
Vector Number (IVN) from the interrupt Vector Number Register 
(IVNR) is placed on the data bus (DO-D7). The IVN must be the 
second byte initialized during LNET initialization. The IVN is set 
to $0F upon RESET or setting the RESET bit to 1 in Command 
Register 1. 








Station Address Register (SAR) 


EE GW 


The Station Address Register holds the Station Address for the 
Receiver Address Recognition circuitry. The Station Address 
bytes must be written to the LNET following the Interrupt Vector 
Number during the initialization sequence. Either two or six 
bytes must be written, least significant bytes first, depending on 
the Station Address Size loaded into the Mode Register. 


OPERATING REGISTERS 


The command or status registers are addressed during an MPU 
write or read, respectively, after initialization is complete as 
indicated by the LNET Initialized bit in Status Register 1. In word 
mode, both command registers are written during one write 
cycle. Command Register 1 occupies the lower byte of the word. 
Likewise, while reading the status registers in word mode, Status 
Register 1 occupies the lower byte of the word. 


COMMAND REGISTERS 


Command Register 1 (CR1) 


Command Register 1 controls the operation of the LNET. Alt 
command bits are active high (i.e., = 1). 


Cate Coes es eee 


CR 
Z 
0 
1 





1 
RESET Reset 
Enable LNET operation. 
Reset LNET. — 


Note: The RESET bit is automatically cleared to 0 
upon the completion of the reset sequence. This 
bit is unaffected by the RESET pin level. 
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CRA1 
6 ENRX —tnable Receiver after Packet Reception 
0 Disable receiver after packet reception. 


1 Enable receiver after packet reception. This bit must be 
set after each packet is received to enable reception of 
the next packet only if bit 2 in the Mode Register is set 
at initialization. Reception of the packet clears this bit. 


Note: This bit is not used if bit 2 in the Mode Register is 
not set at intitialization. 


CRI 
5 RECALL—Receive All Packets 
0 Receive only addressed packets. The address must 
correspond to the Station Address loaded into the Sta- 
tion Address Register upon initialization. 
1 Receive all packets (regardless of address). 


CR1 
4 NOISOL —No Isolate 
0s Assert ISOLATE to the MI to request that the MAU iso- 
late itself from the medium. 
1 Negate ISOLATE to the MI to request that the MAU 
connect itself to the medium. 


CRI 
3 MILOOP—Manchester interface Loopback Test 


0 Negate MILOOP to command MI normal operation. 

1 Assert MILOOP to command MI loopback operation. 
CRi1 

2 INLOOP —Internal LNET Loopback Test 


0 Enable LNET normal operation. 

1 Enable LNET internal loopback operation. 
CR1 

1 ODONO —Odd Number of Bytes 

‘0 ~—_— Transmit even number of bytes in a block. 

1 Transmit odd number of bytes in a block. 
CRi1 

Q ENMAU —Enable MAUREQG 

¢) Negate MAUREQ. 

1 Assert MAUREQ. 


Command Register 2 (CR2) 


aS OT 


This register not presently in use. When programming, $00 
should be written to CR2 to assure future software compatibility. 
In byte mode, $00 must be written to this register following the 
Command Register 1 write cycle. 


STATUS REGISTERS 


The two interrupt driven status registers report the status of the 
LNET receiver and transmitter operations. Status registers cannot 
be poiled, they can only be read upon interrupt service by the 
MPU. Status is reported in either discrete or encoded bits. Alll 
discrete (or non-encoded) status bits are active high (i.e., = 1). 
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A change in any of these status bits causes IRQ to be asserted 
(except as noted). Reading of the status registers resets the 
individual bit or encoded field that caused the IRQ assertion and 
negates /RQ (except as noted). In the byte mode, both status 
registers must be read in consecutive read cycles. 


Status Register 1 (SR1) 


Fe lO 
Cwatt | —srar_| ooo | mera | 


SR1 

7 UHRTBT —Heartbeat Absent 

0 Heartbeat present. 

1 Heartbeat absent (part of the transmission algorithm is 
to listen for the heartbeat before posting transmit status. 
Set concurrent with the transmitter, status field.). The 
Heartbeat test checks the collision detection circuitry by 
listening for a “ping” within seven TXCLKs after the end 
of a transmission). 


SRI 
6-4 TXSTAT —Transmitter Status 








000 = Transmitter idle. 

001 Transmit successful. 

010 Collision (Assertion of SIGQUAL within the first 512 bit 
times causes DONE, or DONE and IAG, to be asserted 
depending on the state of MR bit 3). 

011 Signal Quality error (SIGQUAL asserted after the first 
512 bit times). 

100 Transmit retry count exceeded. 

101 Transmit buffer underflow during transmission (indi- 
cates the TXFIFO emptied between the 16th data byte 
delivered for transmission and the assertion of DONE). 

110 Transmit in progress (indicates the real time activity of 
the TXDATA pin. This state does not set the TRO bit in 
SR2 nor cause IRQ to be asserted. This bit pattern is 
not reset to the transmitter idle pattern upon reading 
SR1. 

111. MAUAVAIL changed staté during transmission. 

SR1 

3 ODD $—Odd Number of Receive Bytes 
0 Even number of bytes in the receive packet. 


1 Odd number of bytes in the receive packet. 


SAI 

2-0 RXSTAT —Receiver Status 

000 =Receiver idle. 

001 Receive successful. 

010 Minimum packet size error. 

011 Receive buffer overflow..- 

100 Frame terminated on a non-byte boundary error. 

101. Frame Check Sequence (FCS) error. 

110 Receive in progress (indicates a valid address has been 
recognized and DONE has not been asserted. This 
state does not set the IRQ bit in SR2 nor cause IRQ to 
be asserted. This bit pattern is not reset to the receiver 
idle pattern upon reading SR1. 

111. Reserved 
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Status Register 2 (SR2) 


| IRQ | INIT | MAUAVAIL COLCNT 


SR2 
7 IRQ —Interrupt Request —s 
0 An interrupt condition has not occurred and IRQ has not 
been asserted. eee 
1 An interrupt condition has occurred and IRQ has been 
asserted. 





Note: This bit is cleared when SR2 is read and there is 
no pending. interrupt condition. 


SR2 
6 ~—Not used 
0 Always reads zero. 
$R2 
5 INIT —LNET Initialized 


0 LNET initialization not complete. 
1 LNET initialization complete (set after the last station 
address byte has been written). 


Note: This bit is cleared upon RESET or RESET bit set 
in Command Register 1. 


SR2 
4 MAUAVAIL—MAU Available 
0 MAU is not available. 
1 MAU is available. 


Note: This bit is not cleared when SR2 is read. 


SR2 

30 COLCNT—Collision Count 
0000 Zero 

1111 Fifteen 


Note: Reset to zero when the enable MAUREQ bit is set 
in CR1. If Mode Register bit 3 is negated the 
changing count does not generate IRQ interrupts. 


TRANSMIT DATA BUFFER (TXFIFO) 


The Transmit data buffer is a 32-byte FIFO register file (TXFIFO) 
which can be loaded only by DMA Service. One half of the 
TXFIFO loads data for transmission via the DMAC; the other 
half holds data currently. being transmitted out serially on 
TXDATA. When the transmitting half is empty it becomes the 
loading half and the current loading buffer becomes the trans- 
mitting half. If the transmitting buffer empties before the loading 
buffer is fully loaded, [RQ is asserted and the transmitter buffer 
underflow bit pattern (101) is set in Status Register 1. 


The time required to load half the transmitter buffer under DMAC 
contro! must be less than the time it takes to serialize out the 
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transmitting half on TXDATA. From the assertion of TXREQ to 
the end of the 16th DMAC bus cycle, no more than 128 TXCLKs 
can elapse. . 


RECEIVE DATA BUFFER (RXFIFO) 


The Receive data buffer is a 32-byte FIFO register file (RXFIFO) 
which can be read only during DMA service. One half of the 
RXFIFO is a receiving buffer for the data from the Serial-to-Par- 
altel Register; the other half is a reading buffer for the data ready 
to be transferred to the MPU bus. As soon as the receiving 
buffer is full, these two halves switched roles. If the receiving 
buffer is fully loaded before the reading buffer is empty, IRQ is 
asserted and the receive buffer overflow bit pattern (011) is set 
in Status Register 1. 


The time it takes to unload the reading buffer under DMAC con- 
trol must be less than the time it takes to load the receiving 
buffer from RXDATA. The loading time is 128 RXCLKs. 


INPUT/OUTPUT FUNCTIONS 


In addition to being directly compatible with the 68000 and the 
68008 MPU's, the LNET supports DMA transfers when used 
with the 68440, 68450, AMZ9516, or AMZ8016 DMA controller. 
The LNET also provides the necessary synchronous signals for 
interfacing to the Manchester Interface device. 


MPU INTERFACE 


Transfer of data between the LNET and the system bus involves 
the following signals: Data Bus DO through D15 and control sin- 
gals consisting of R/W, DTACK, CS, [ACK, and DS. 


16-Bit MPU Interface 


When connecting the LNET to the 16-bit 68000 MPU data bus, 
the LNET DS input is connected to the bus LDS line and the 
LNET DO-D15 data lines are connected to the bus DO-D15 data 
lines (see Figure 4). 


Bit 4 in the Mode Register, left in its default value of O during 
initialization, selects the word mode. In the word mode, a read 
of both status registers performed with one word read cycle 
transfers Status Register 1 on DO-D7 and Status Register 2 on 
D8-D15. A write to the command registers is also accomplished 
in one cycle which transfers Command Register 1 on DO-D7 and 
Command Register 2 on D8-D15. 


8-Bit MPU Interface 


When connecting the LNET to the 8-bit 68008 MPU data bus, 
the DS input is connected to the bus DS line and the LNET DO- 
D7 data lines are connected to the bus DO-D7 data lines (see 
Figure 5). 


Bit 4 of the Mode Register set to 1 during initialization selects 
byte made. In the byte made, reading of the-status registers is 
performed with two consecutive byte read cycles to enable first 
Status Register 1 and then Status Register 2 onto DO-D7. 
Writing to the command registers also requires two consecutive 
byte write cycles with Command Register 1 transferred first fol- 
lawed by Command Register 2. 
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Read/Write Operation 


The R/W input controls the direction of data flow on the data 
bus. CS (Chip Select) enables the LNET for access to the 
internal registers and other operations. When CS is asserted 
the data I/O buffer acts as an output driver during a read oper- 
ation, and as an input buffer during a write operation. CS must 
be decoded from the address bus and gated with address strobe 
(AS). 


if the LNET is selected (CS = low) for a read (R/W = high), 
data is placed on the data bus from the status register when the 
DS is asserted. The LNET asserts Data Transfer Acknowledge 
(OTACK) concurrent with the output data. 


If the LNET is selected (CS = low) for a write (R/W = low), DS 
strobes data into the selected register and the LNET asserts 
DTACK immediately after DS is asserted. 





DMA INTERFACE 


During receiving or transmitting, data from the MPU bus, the 
LNET asserts a receive or transmit request (RXREQ or TXREQ) 
to the DMAC. A DMA acknowledge (DACK) signal is asserted 
in response to RXREQ or TXREQ when the DMAC is ready to 
service the request. Both receive request and transmit request 
share the same DACK pin; therefore, in the case of DMAC 
devices with a DACK for each channel, they must be ORed 
together externally. © 




















Transmit DMA Request 


In servicing the TXREQ, the DMAC writes to the TXFIFO a byte 
or a word at a time. The TXFIFO input pointer (TIP) is advanced 
and data latches on the rising edge of DS. 


Receive DMA Request 


In servicing the RXREQ, the DMAC reads from the RXFIFO a 
byte or word at a time. Data is enabled out on the falling edge 
of DACK and the RXFIFO output pointer (ROP) is advanced on 
the rising edge of DACK. The data lines are tri-stated following 
the rising edge of DACK. 








DONE 
DONE is a bidirectional signal line to or from the DMAC. With 
the AMZ8016 and the AMZ9516, DONE auto-initializes the 





DMAC back to the start of the packet when a collision occurs. 





during transmission. With the 68440, the DONE output is routed 
to the 68440’s PCL input after gating with TXREQ line. For the 
68450 it is necessary for the MPU to reinitialize the ODMAC on 
collision. 


INTERRUPTS 


The IRQ output asserts when there is status information avail- 
able after the completion of a transmit or receive transaction. 
The MPU grants the interrupt by asserting an interrupt acknowl- 
edge (IACK) signal and reads the interrupt vector when the 
LNET asserts data transfer acknowledge (DTACK). The sub- 
sequent negation of IACK and IRQ preceed MPU interrupt 
processing. 
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MANCHESTER INTERFACE (MI) SIGNALS 


The abbreviation MI refers to the Manchester Interface com- 
ponent(s) necessary to interface the LNET to an IEEE 802.3 
specified Media Access Unit (MAU). 


SENSE (Sense Carrier) Input 


The MI asserts SENSE when it has detected a change in Carrier 
Sense from no carrier present to carrier present. SENSE stays 
active as long as carrier is present and is negated when the 
carrier disappears. 


ISOLATE (Isolate Message Request) Output 


The LNET asserts ISOLATE to direct the Mi to send an Isolate 
message to the MAU. When ISOLATE is negated, the MI sends 
a Normal message to the MAU unless the LNET requires that 
the MAU request message be sent to permit data output. 


MAUREQ (MAU Request) Output 


The LNET asserts MAUREQ when CR 1 bit 0 is active. MAUREQ 
stays active and a MAU request message is sent until the end 
of a packet transmission. 


MAUAVAIL (MAU Available) Input 


The MI asserts MAUAVAIL when an MAU available message 
from the MAU is received. MAUAVAIL is negated when an MAU 
not available message is received from the MAU, 


SIGQUAL (Signal Quality) Input 


SIGQUAL is asserted by MI when a Signal Quality Error Mes- 
sage is received from the MAU. 


TXEN (Transmission Enable) Output 


The LNET starts a transmission by asserting TXEN and outputs 
serial data on TXDATA which is Manchester encoded by the Ml. 
TXEN is active until the end of the transmission. 


RXCLK (Receive Clock) Input 

RXCLK shifts receive data into the LNET and is free running at 
10 MHz, or slower. 

TXCLK (Transmitter Clock) Input 


The TXCLK is a free running 10 MHz, or slower, clock used to 
clock data into the MI and perform operations in the transmitter. 


MILOOP (MI Loopback) Output 


The MILOOP output signals the MI component(s) that the cur- 
rent data is a test frame and it is to be “looped back” to the 
LNET instead of being sent to the MAU. 
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LNET FUNCTIONAL DESCRIPTION 


The LNET transmits and receives serial data on an IEEE 802.3 
CSMA/CD Access Method defined communications medium 
and transfers paralle! data to and from a host system under pro- 
gram or DMA control according to the IEEE 802.3 data link 
specification. 


Frame Format 


Serial data transfers synchronously between the LNET and the 
MI! within the frame structure for data communications using 
local area network media access control (MAC) procedures. 
Each MAC frame, or packet, consists of eight fields: Preamble, 
Start Field Delimiter (SFD), Destination Address, Source 
Address, Length Count, Data, Pad and Frame Check Sequence 
(FSC). Figure 3 illustrates the frame format. 


The Preamble consists of seven bytes of alternating 1’s and 0’s, 
i.e., 1010... 1010. 


The Start Field Delimiter (SFD) consists of one byte of bit pat- 
tern 10101011 immediately following the Preamble pattern which 
indicates the start of a valid frame. 


The Destination and Source Addresses are either two or six 
bytes in length. Addresses may be any one of the following 
three types: Station Address, Logical Group, or Broadcast. Log- 
ical Group and Broadcast Addresses are identified by a 1 in the 
first bit position received. The first bit of a Station Address is 0. 


The Length Count field is two bytes in length and specifies the 
Data field length (in an Ethernet application this field is the Type 
field and the Length Count field in the Mode Register must be 
initialized appropriately). 


The Data field can have a variable number of bytes. If the Data 
field is less than 46 bytes (in a six-byte address mode), or less 
than 54 (in a two-byte address mode), pad bytes are added to 
the frame on transmission to bring the overall packet size up to 
the minimum size of 72 bytes. The maximum Data field length 
must be programmed into the DMAC operating with the LNET. 


The Frame Check Sequence (FCS) field is four bytes in length. 
Frame Reception 


The Receiver consists of the following sections: Delimiter Rec- 
ognition, Receive CRC, Serial-to-Parallel Register, Receive 
Length Counter, Address Recognition, and a 32-byte FIFO reg- 
ister file (RXFIFO). These registers are all driven or loaded by 
RXCLK or a derivative. 


In the absence of serial input data from the network bus, the 
SENSE input from the Ml is inactive. The Receive Clock (RXCLK) 
is free running and the Receiver front enc is idling. 


PREAMBLE DESTINATION | SOURCE 





7 
BYTES 


72 BYTES MINIMUM 





LENGTH 
COUNT 
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The assertion of SENSE defines the beginning of a frarme. The 
rising edge of RXCLK enables SENSE and concurrently the first 
Preamble bit on AXDATA to the LNET. The fatling edge of 
RXCLK shifts the first bit of the Preamble into the Delimiter Rec- 
ognition logic and SENSE into the SENSE Detection logic. 
Delimiter Recognition is deferred for eight RXCLKS after the 
assertion of SENSE, to give the MI unit time to synchronize on 
the Preamble. 


If sequential zeros are detected during the time the LNET is 
searching for the double ones delimiter, the packet's reception 
is aborted. 


The Preamble bits are shifted through the Delimiter Recognition 
logic without result. As the last bit of the Delimiter is shifted in, 
an internal signal is asserted. 


The data is then routed to the Receive CRC and the Serial-to- 
Parallel Register. The Byte Alignment and Odd/Even byte mon- 
itor is initialized, and a Byte Counter is started. 


At the appropriate byte count, the first byte of Destination Address 
ig converted to parallel data, and compared with the first byte 
of Station Address and loaded into the RXFIFO. 


The RXFIFO Input Pointer (RIP) is then advanced by one. The 
next byte(s) of destination and source addresses are loaded In 
the same manner. As the two length count bytes are sent to the 
RXFIFO they are also loaded into the Length Counter. If this 
field is non-zero it is decremented on each succeeding byte of 
the packet. 


The remainder of the first 16 bytes of the packet are loaded into 
the AXFIFO (unless the Length Counter reaches its terminal 
count or the packet terminates). 


With 16 bytes buffered, the RXFIFO is half full. RXREQ is now 
asserted, the receiving half of the buffer becomes the reading 
half, and the first 16 bytes of receive data are unloaded by 
advancing the RXFIFO Output Pointer (ROP) as a function of 
the DMAC’s DACK and DS signals. Meanwhile the empty, 
receiving half, of the RXFIFO continues to fill. 





As the 32nd byte of received data is loaded, RXREQ is asserted 
again and RIP proceeds to the just emptied reading buffer while 
DMA bus cycles unload the new reading buffer. 


The RXFIFO continues to load and unload in this manner 


throughout the duration of the packet's Data field. 


The position of RIP indicates when to load the Length Counter 
from the data stream, when to check for a valid address, when 
to assert or negate RXREQ and to flag an overrun of the receive 
DMA service. 




















FRAME 
CHECK 
SEQUENCE 








VARIABLE NO. 
OF BYTES 









Figure 3. MAC Frame Format 
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The two-byte Length Counter is located either four or twelve 
bytes (depending on the address mode) after Valid Delimiter. 
The Length Counter is decremented every eight RXCLKs. When 
the Length Counter equals zero, indicating the end of the Data 
field, RIP is disabled and RXREQ asserts long enough to unload 
the last bytes. 


In the case of a normal termination of the packet, after the last 
bytes are unloaded, the LNET asserts DONE concurrent with 
the last DACK strobe and negates RXREQ. The CRC Register 
continues to calculate over the Pad and Frame Check Sequence 
fields and the Byte Alignment Checker continues to run until 
packet end. The state of the Odd/Even byte checker is latched 
at the time of the Length Counter’s terminal count. 











The end of the packet is recognized as follows. The last FCS 
bit shifts in as RXCLK goes low in the normal manner. Two 
RXCLKs later the negated value of SENSE shifts in. At the next 
rising edge of RXCLK the CRC syndrom is compared and the 
result is posted to Status Register 1 and IRQ is asserted. 


If, during the course of a reception, the Data byte count held 
by the system exceeds the maximum number (1500 bytes for 
Ethernet), a maximum frame size error is flagged by DONE from 
the DMAC. The LNET responds by negating AXREQ and 
clearing the status registers without generating an TRG. 


Frame Transmission 


The Transmitter consists of the following: Parallel-to-Serial Reg- 
ister, Transmit Length Counter, 32-byte Transmitter FIFO reg- 
ister file (TXFIFO), Transmit CRC Generator, Preamble and 
Delimiter Generator, Jam Generator, Interframe Delay Counter, 
and the Binary Exponential Back-Off Counter. These sections 
are all driven by TXCLK or a derivation. 


Frame transmission commences with a MPU write to Command 
Register 1 setting the Enable MAUREQ bit. The LNET responds 
by asserting Transmit DMA Request (TXREQ). Under DMA 
control, 16 bytes are loaded from the MPU bus into the TXFIFO 
by advancing the TXFIFO Input Pointer (TIP) as a function of 
BACK and DS. The LNET then negates TXREQ until the first 
byte of this data has been serialized out. 


While the first 16 bytes are being loaded into the TXFIFO, the 
LNET is monitoring the SENSE input. Upon SENSE negation 
the Transmitter waits 96 TXCLKS (strict IEEE 802.3 or Ethernet 
application, otherwise the delay follows whatever is pro- 
grammed into Mode Register bits 5-7) and then serializes out 
the first byte of data on TXDATA if the TXFIFO is half full (if it 
is not half full yet, the LNET returns to monitoring SENSE). If 
SENSE is active the LNET waits until it is negated and then 
starts the Interframe Delay Counter. 


At the terminal count of the Interframe Delay Counter the first 
preamble bits are shifted out under TXCLK control and the 
transmitter begins to monitor the SIGQUAL input. At the same 
time TXREQ is asserted again and another 16-byte data burst 
is transferred into the empty half of the TXFIFC. 





As the TXFIFO Output Pointer (TOP) advances to the first byte 
of the most recently filled half of the buffer, TXREQ is again 
asserted to reload the half just emptied. 
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Upon the assertion of the DONE input by the DMAC (at the time 
of the last byte or word transfer), the transmitter finishes seri- 
alizing the last bytes out, zeros the TXFIFO Input Pointer (TIP) 
and Serializes the contents of the CRC Register out on TXDATA. 


If SIGQUAL is asserted by the MI during the first 512 TXCLKS, 
the LNET assumes there has been a collision between its own 
transmission and that of another node in the network. The 
response of the LNET at its MI interface is to abort the frame 
transmission after appending a Jam signal consisting of 48 
alternating zeros and ones to it. The Jam signal is sent when- 
ever the LNET has successfully contended for the medium and 
then has been interrupted in its transmission during the collision 
window. 


DMA TRANSFER MODES 


The response of the LNET at its MPU/DMAC interface to a col- 
lision is programmable to one of two modes in the Mode Reg- 
ister at initialization. 


This allows for the LNET to be used with DMACs of differing 
capabilities. Specifically, some DMACs need to be reinitialized 
by the MPU if they are to restart a block transfer that has been 
aborted by a peripheral’s assertion of a DONE and an IRQ. 
Others are capable of automatically re-starting a block by them- 
selves if a DONE is detected during a transfer. 





Mode One: Assert IRQ plus DONE On Collision. 


Assertion of SIGQUAL:during the first 512 TXCLKS after trans: 
mission begins sets the collision code (010) in the encoded 
Transmitter Status field in Status Register 1 and increments the 
Collision Count field In Status Register 2 by one. Next, IRQ is 
asserted, and the Interrupt Vector Number from the Interrupt 
Vector Number Register is output on the data bus when IACK 
is asserted. 





The MPU processes the interrupt by reading the status registers 
to determine the cause of the interrupt and to clear the interrupt. 
The MPU then reinitializes the DMAC and reloads the first 16 
bytes of the aborted data packet into the TXFIFO. Meanwhile 
the LNET is sending the Jam signal followed by a delay interval 
determined by the Binary Exponential Back-off Counter. At the 
end of this time interval the LNET begins to transmit the preamble 
and delimiter again if the TXFIFO has been reloaded with the 
first 16 bytes of the packet. If the TXFIFO has not been reloaded 
by the time the Jam signal and the back-off delay interval are 
over, the LNET will wait for data. 


Mode Two: Assert only DONE On Collision. 


Upon the assertion of SIGQUAL during the first 512 TXCLKs, 
the LNET zeros the TIP, asserts DONE to the DMAC concurrent 
with the next DACK signal, increments the retry count and 
remains in the transmit mode (TXREQ asserted, etc.), the Jam 
is sent, and the Back-off delay is observed. In the meantime, 
16 bytes of data are loaded into the TXFIFO by the DMAC. The 
packet is then transmitted as before. 








If the MI asserts SIGQUAL after the first 512. TXCLKs, IRQ is 
asserted and the Transmitter Status field in Status Register 2 
is set to 011. 
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RXDATA 


NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 6. Manchester Interface Serial Receiver Timing 


TXDATA 


SIGQUAL 


MAUREG 
MILOOP 


ISOLATE 


NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


*IRG assertion on collision not required— Bit 3 of the mode register 
(MR) determines whether or not IRQ asserts on collision. 


Figure 7. Manchester Interface Serial Transmitter Timing 
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ni TTTTT a - AA 
@ ost 


NOTE: 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 8. LNET Read Cycle Timing 


07) G8) 
- we em 
- gs I 


NOTE: 
Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 9. LNET Write Cycle Timing 
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DO-D7/D0-D15 


NOTES: 1. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. 
2. Word mode only. 


Figure 10. LNET to Memory DMA Transfer Cycle Timing 
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oe 
a oe eg ©) 
ANANUNNLNALENTLL NT 


DO-D7/D0-D15 


iene 
DONE (TO LNET) QA as 
mameus tf PTT 


NOTES: 1. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. 
2. Word mode only. 


Figure 11. Memory to LNET DMA Transfer Cycle Timing 
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m4 


a) | 24) 
ae: 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless 
otherwise noted. ; 


Figure 12. Interrupt Request Cycle Timing 
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SPECIFICATIONS 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0Vdce + 5%, Vg = OVde, Ta = 0 to 70°C) 





Characteristic Unit 


Clock Period | tee 
Receive Clock Pulse Width 
Receive Data/Sense Setup 
AXDATA, Sense Hold Time 


IRQ Delay from RXCLK | tam 


Number 















a 
a 


DS to IRQ Clear (Status Read) 


TXDATA/TXEN Delay (C, = 35pF) 

SIGQUAL Hold Time ee ee 

IRQ Delay from SIGQUAL Edge (Optional)* a ee eee 

MAU/MI Control Output Delay ee ee ee ee 

RW High to C5, OS Low ra ae eee 

CS Low to DTACK Low ee ee 

CS, DS High to RW Low | tem =| 

CS High to DTACK Tristate peer 8 Lt 
ewe 

ee ee 

Pd 

a 


as 


e) 


= 


4 


CS, DS Low to Data Valid 
CS, DS High to Data Invalid | tsa | 
F/W Low to GS, DS Low | tm | 
GS, DS High to A/W High | teu =f 20 
Data Valid to CS, BS High | toven —ft00 
CS, DS High to Data Invalid ae ee 
TACK Low to DTACK Low re 
IACK High to DTACK Tristate | tanoar | 20 
TACK Low to Data Valid | ty | | 
DS High to Data Invatid tin =| 10 
a 
L223 
peg SO 
ate 


16 


DACK Low to DONE/Data Valid 


DTACK High to DONE Invalid/Data dew? | 
DS Low to DACK High 


DS High to Data Invalid 


| itso | 
Data Invalid to DS High 
Clock Low to DONE (to LNET) Low ee ee 
External DONE Pulse Width | teppw 70 
DACK Low to Interna! DONE Low Delay | to | 
DAGK High to internal DONE High Delay | tow =| 
DONE Low to RXREG High | ton =| 


DS High to IRQ High 





th 


_ 
N ~I 4 


7 





w 
@ 


RXCLK 
RXCLK 


a 
° 
oO 






35 


Note: 
*IRO assertion on collision dependent on bit 3 of mode register (MR). 


tosniH 
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MAXIMUM RATINGS THERMAL CHARACTERISTICS 


Characteristics 


Characteristics 


Thermal Resistance 
Ceramic 
Plastic 


| Symbol 
Storage Temperatures 





This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
normal precautions should be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high-imped- 
ance circuit. Reliability of operation is enhanced if unused inputs 
are tied to an appropriate logic voltage level (e.g., either Vss or 
Veo). 





DC ELECTRICAL CHARACTERISTICS (Voc = 5.0Vdc + 5%, Vsg = OVdc, Ta = 0 to 70°C unless otherwise noted) 


Characteristics | Unit | Test Conditions 
7 ara 
(ae (ee 





Input Leakage Current 
R/W, RESET, CS 


Input Leakage Current for Three-State (Off) Vin = 0.4 to 2.4V 
DTACK, DO-D15 Veco = OV 


Output High Voltage 4.75V 

RXREQ, TXREQ, DTACK, : —400 vA, Croan = 130 pF 
DO-D15, MILOOP, MAUREQ, ISOLATE f -—400 vA, Cioap = 32 pF 
TXEN, TXDATA ; 0, CLoap = 30 pF 


Output Low Voltage Veco = 4.75V 
RXREQ, TXREQ, TXEN, TXDATA, DTACK, DO-D15 lLoap = 3.2 mA 
MILOOP, MAUREQ, ISOLATE 
IRQ, DONE 


Power Dissipation 


Input Capacitance 
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R68802 
PACKAGE DIMENSIONS 















40-PIN CERAMIC DIP 





SEATING PLANE 


40-PIN PLASTIC DIP 


se caeneneuueae 
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Rockwell 


R68C552 


R68C552 


DUAL ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (DACIA) 





PRELIMINARY 


DESCRIPTION 


The Rockwell CMOS R68C552 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 16-bit microprocessor-based 
systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates trom 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel: The DACIA also provides a unique, program- 
mable Automatic Address Recognition mode for use in a multi- 
drop environment. 


The Control Register and Status Register permit the MPU to 
easily select the R68C552’s operating modes and determine 
operational status. 


The Interrupt Enable Registers (IER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 


The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. 


The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 


The Compare Data Registers (CDR) hold the data value to be. 


used in the compare mode. 


The IRQ Vector Register (IVR) holds the interrupt vector for use 

in the interrupt acknowledge state, or commands a Transmit 
Break and provides for parity/address recognition during Auto- 
matic Address Recognition mode. 


ORDERING INFORMATION 


Part Number: 
R68C552 


Package: 
C = Ceramic 
P = Plastic 





FEATURES 
* Low power CMOS N-well silicon gate technology 


¢ Two independent full duplex channels with buffered receivers 
and transmitters. 


e Data set/modem control functions 


¢ Internal baud rate generator with 15 programmable baud rates 
(50 to 38,400) 


® Program-selectable internally or externally controlled receiver 
Tate 


¢ Programmable word lengths, number of stop bits; and parity 
bit generation and detection 


® Programmable interrupt control 


* Programmable control of edge detect for DCD, DSR, DTR, 
RTS, and CTS 


¢ . Program-selectable serial echo mode for each channel 

e Automatic Address Recognition mode for multi-drop operations 
° 5.0 Vdc +5% supply requirements 

* 40-pin plastic or ceramic DIP. 

e Full TTL or CMOS input/output compatibility 

e Compatible with R68000 microprocessor family 





Figure 1. R68C552 Pin Configuration 
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INTERFACE SIGNALS 


Figure 2 shows the DACIA interface signals associated with the 
microprocessor and the modem. 


DATA BUS (D0-D7) 
The DO-D7 pins are eight data lines that transfer data between 


the microprocessor (MPU) and the DACIA. These lines are bidirec- - 


tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 


REGISTER SELECTS (RSO, RS1, RS2) . 


The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
nal registers. Table 1 shows the internal register select coding 
and identifies the abbreviations (ABBR) used throughout the text 
for each register. Table 2 summarizes the control and status 
registers and shows each bit allocation. 


READ/WRITE (R/W) 


The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W tine indicates a read 
‘cycle, while a low indicates a write cycle. 


CHIP SELECT (CS) | e 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus Inputs on the rising edge of CS. 
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INTERRUPT 
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RESET (RES) 


During system initialization a low level on the RES input causes.a 


-RESET to occur. At this time the [ER's‘are set to $80, the DTR and 


RTS lines go to the high state, the ADR register is cleared, 
the IVR is set to $OF, the compare mode is disabled, and the CTS, 
DCD, DSR flags are cleared. No other bits are affected. 


‘TRANSMIT DATA (TXD1, TXD2) 


The TxD outputs transfer seria! non-return to zero (NRZ) data to 
the data communications equipment (DCE). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 


RECEIVE DATA (RXD1, RXD2) 


The RxD inputs transfer serial NRZ data into the DACIA from the 
DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 


CLEAR TO SEND (CTS1, CTS2) 


The CTS control line inputs allow handshaking by the transmitter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Transmit Shift Register is sent normally. 
Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the SR reflects the cur- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCD1, DCD2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DCD bit in the 1SR. The DCD bit in the SR 
reflects the current state of the DCD fine. 











; CTSs1 
ACIA1 o0cD1 
REGISTERS DSR1 
AND RxD1 ACIA 
CONTROL TxD1 CHANNEL 1 
LOGIC DTRI1 
RATS1 
‘ACIA1 BAUD 
RATE SELECT 
RxC 
XTALI 
CLKOUT 
XTALO 
Txc 
ACIA2 BAUD 
RATE SELECT 
RTS2 
ACIA2 DTR2 
T 
bere fxoz ACIA 
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CONTROL DSR2 
LOGIC DCcb2 
CTS2 





Figure 2. DACIA Interface Signals ° 
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DATA SET READY (DSR1, DSR2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DSR bit in the ISR. The DSR bit in the SR 
reflects the current state of the DSR line. 


REQUEST TO SEND (RTS1, RTS2) 


These two lines may be used as general purpose outputs. They 


are set high upon reset. Their state may be programmed by set- 


ting the appropriate bits in the CFR high or low. The state of the 
RTS line is reflected by the RTS bit in.the SR. 


DATA TERMINAL READY (DTR1, DTA2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
DTR line is reflected by the DTR bit in the SR. 


INTERRUPT REQUEST (IRQ1, IRQ2) 


The IRQ lin lines are open-drain outputs from the interrupt control 
logic. IRQ1 is associated with ACIA1 and IRQ2 is associated with 
ACIA2. These lines are normally high but go low when one of the 
flags in the ISR is set, provided that its corresponding enable bit 
is set in the IER. 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 

rate generator. The oscillator can be driven by a crystal or an 

external clock, or it can be disabled, in which case the time base 

for the baud rate is generated by the Receiver External Clock 

(RxC) and Transmitter External Clock (TxC) input pins. Figure 3 
- shows the three possible clock configurations. 


RECEIVER 
EXTERNAL + 
CLOCK 
TRANSMITTER | 
EXTERNAL 
CLOCK 

OPEN 

CIRCUIT 


EXTERNAL 
CLOCK 


Figure 3. 
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CRYSTAL (XTALI, XTALO) 


’ These pins are normally connected to an external 3.6864 MHz 


crystal used as the time base for the baud rate generator. As an 
alternative, the XTALI pin may be driven with an externally 
generated clock in which case the XTALO pin must float. 


RECEIVER CLOCK (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for External Clock. Figure 15 shows tim- 
ing considerations for RxC. 


TRANSMITTER CLOCK (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for External Clock. Figure 16 shwos tim- 
ing considerations for TxC. 


Note 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must be 
left open (floating). 


CLOCK OUT (CLK OUT) 


This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in asystem 
with only one crystal needed: CLK OUT is in phase with XTALI. 


CRYSTAL [__ ] 
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Figure 4. DACIA Block Diagram 
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FUNCTIONAL DESCRIPTION 


Figure 4 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. , , 


DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 
bus to the system data lines. When R/W is high, CS is high, and 
either IACK line is low, the IRQ vector is passed to the system 
data bus. When R/W is low and CS is low, data is brought into the 
DACIA from the system data bus. The following table summarizes 
the Data Bus Buffer states. 


Data Bus Buffer Summary 





— 
R/W GS TACKY TACKS Data Bus Buffer State 
ILLEGAL MODE — TRI STATE 
(ILLEGAL MODE — TRI STATE 
ILLEGAL MODE — TRI STATE 
WRITE MODE — TRI STATE 
ILLEGAL MODE — TRI STATE 
ILLEGAL MODE — TRI STATE 
ILLEGAL MODE — TAI STATE: 
TRI STATE 

ILLEGAL MODE — OUTPUT $0F 
ILLEGAL MODE — OUTPUT $0F 
ILLEGAL MODE — OUTPUT $0F 
READ MODE — CUTPUT DATA 
ILLEGAL MODE — OUTPUT $0F 
OUTPUT IRQ VECTOR 1 
OUTPUT IRQ VECTOR 2 

_TRI STATE 





DTrrTrrrrrirzrrirrereree 
ZTaorrereitrrriwirwrrigrere 


L 
L 
L 
L 
L 
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L 
L 
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TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 


* Bit 0 is the leading bit to be transmitted. 
¢ Unused data bits are the high-order bits and are ‘don't care”’ 
for transmission. 


* Write-Only Register. 


The Receive Data Register is characterized in a similar fashion 
as follows: 


© Bit 0 is the leading bit received. 
« Unused data bits are the high order bits and are ‘'0” for the 
receiver. 


* Parity bits are not contained in the Receive Data Register, but 
are stripped off after being used for external parity checking. 
Parity and all unused high-order bits are ‘‘0”’. 


e Read-Only Register 
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Figure 5 shows an example of a single transmitted or received 
data word. In this example, the data word is formatted with 8 data 
bits, parity, and two stop bits. Figure 5 also shows a single 
character transmitted of received in Address Recognition mode. 
In this example, the address or data word Is 8 bits, there is no 
parity bit, and there are two stop bits. The 10th bit, (normal parity 
bit) is an address/data indicator bit. A 1 means the 8 bits are an 
address that will be compared with the address stored in the Com- 
pare Data Register. A 0 means the 8 bits are data. 


PARITY MODE 


DATA PARITY STOP 


BIT BITS 


ADDRESS/DATA MODE 





Figure 5. Typical Data Word 


INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the 
Interrupt Status Register) involved in the control of interrupts in 
the DACIA. \. Corresponding bits in both registers must be set to 
cause an IRQ. 


INTERRUPT ENABLE REGISTER (IER) 


The Interrupt Enable Register (IER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the IER with bit 7 set to a 0 and every bit 
Set to a 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a 0 is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will 
disable all IRQ source bits, but writing $FF to the IER will enable 


all IRQ source bits. A hardware. reset (RES) clears all IRQ 


source bits to the 0 state. Bit assignments. for the JER are as 
follows: 
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Table 1. DACIA Register Selection 


REGISTER ACCESS . 
INTERRUPT ENABLE | INTERRUPT STATUS 
_ REGISTER 1 REGISTER 1 
CFRI CONTROL STATUS 
SRi REGISTER 1 REGISTER 1 
CFRI FORMAT INVALID 
REGISTER 1 


CDA1 








ONTROL & FORMAT 
REGISTER BITS 













‘COMPARE 


. DATA 
REGISTER 1 


IVA IRQ INVALID 
VECTOR 1 
TDR1 TRANSMIT DATA RECEIVE DATA 
ROR? REGISTER 1 REGISTEA 1 
INTERRUPT ENABLE INTERRUPT STATUS 
REGISTER 2 REGISTER 2 


CFR2 CONTROL STATUS. 


SR2 REGISTER 2 - REGISTER 2 


CFR2 FORMAT INVALID 
REGISTER:2 


CDR2 COMPARE. 





DATA 


REGISTER 2 


IVR2 IRQ - INVALID 
VECTOR 2 

TDR2 TRANSMIT DATA RECEIVE DATA 

RDA2 REGISTER 2 


INTERRUPT 
ENABLE $80 
REGISTERS 
INTERRUPT 
STATUS 
REGISTERS 








REGISTER BIT NUMBERS 


IE j 
TOR cTs =| be 
EMPTY TRANS | TRANS 
FRAMING TRANS CTS DCD DTA RTS 
ERROR UNDA STATUS | STATUS | STATUS STATUS STATUS 
~VRICDR NO: | 
é STOP | - ECHO BAUD RATE SELECTION 
RES BITS 


| NUMBER OF PARITY PARITY- 


mi 


STATUS 
REGISTERS 


Oo i=) 
7) a 


CONTROL 
REGISTERS 


AND 


FORMAT 
REGISTERS 





DOTA _ RTS 
d DATA BITS SELECTION ENABLE CONTROL | CONTROL 
COMPARE 
DATA 
REGISTER 


COMPARE BITS (ADDRESS RECOGNITION) 


IA MODE 
IRQ VECTOR ADDRESS IRQ SOURCE 
INTERRUPT 
VECTOR $OF 
REGISTER 

NOT USED 





T/R MODE 
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INTERRUPT STATUS REGISTER (ISR) 


The Interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 


CTs 
EMPTY | TRANS 


DCD | DSA |PARITY 
TRANS | TRANS | ERROR 





Bit 7 Any Bit Set 
1 Any bit (6 through 0) has been set to a 1 
0 No bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 A positive or negative transition has occurred on 
CTS 
0 No transition has occurred on CTS, or ISR has 
been read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 A positive or negative transition has occurred on 
DCD 
0 No transition has occurred on DCD, or ISR has 
been read 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, or ISR has 
been read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been read 
Bit 1 Frame Error, Overrun or Break (FRM, OVR, 
BRK) 
1 A framing error, receive overrun, or receive 
break has occurred 
0 No error, overrun, break has occurred or RDR 
has been read 
Bit 0 Receive Data Register Full (ROR FULL) 
1 Shift register data has been transferred to 
Receive Data Register 
0 Receive Data Register has been read 
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INTERRUPT VECTOR REGISTER (IVR): 


The DACIA has two Interrupt Vector Registers which are write-only 
registers. By storing the appropriate vector address number in bits 
7 through 2 of the IVR, the DACIA will place the vector on the data 
bus when requested by the IACK signal. In this made, bits 1 and 0 
identify the source of the IRQ. 


Note: In order for the IVR Vector Address to be recognized, bit 6 
of the CFR must be a 1. 


During the Transmit Receive mode, bits 7 through 2 are not used 
and are treated as ''don’t care’’ bits. In this mode, bits 1 and 0 
are used for Transmit Break and Parity/Address recognition. 


Writing a 1 to bit 1 of the IVR causes a continuous Break to be 
transmitted by the ACIA associated with the register. Writing a0 to 
this bit allows normal transmission to resume. Writing a 1 to bit 0 
of the IVR commands the value of the Parity bit to be sent to the 
Parity Error bit (bit 2 of the ISR). Writing a0 to this bit allows normal 
Parity Error recognition to be in force. When an RES is received 
bythe DACIA, both of these bits are reset to 0. The bits format for 
the IVR are as follows: 


IRQ VECTOR ADDRESS IRQ SOURCE 


TRANS PAR/ 
BRK ADDR 


Interrupt Acknowledge Mode (IA Mode) 

















NOT USED 


Bits 7-2 IRQ Vector Address 
Bit 1 IRQ Source Channel 
1 ACIA1 selected 
6) ACiA2 selected 
Bit 0 IRQ Source 
1 Other IRQ (CTS, DCD, DSR, Parity, Break, OV) 
0 Transmit or Receive IRQ 


Transmit/Receive Mode (T/R Mode) 


Bits 7-2 Not used (don’t care) 

Bit 1 Transmit Break (TRANS BRK) 
1 Transmit continuous Break until disabled 
0 Resume normal transmission 

Bit 0 Parity/Address Recognition (PAR/ADDR) 
1 Send value of parity to ISR bit 2 (Address 

Recognition mode) 
0 Return to normal Parity Error recognition mode 
COMPARE DATA REGISTER 


The Compare Data Register (CDR) is a write-only register which 
can be accessed when CFA bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare.made. In this mode, set- 
ting of the RDRF bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the RDAF bit is set. The receiver will now operate normally 
until the CDR is again loaded. 
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STATUS REGISTER (SR) 


The Status Register (SR) is a read-only register that provides I/O 
status and error condition information. The SR is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 


amt | we SC 





FRAMING|TRANS| CTS Be = = ae |e 
ERROR | UNDA |STATUS | STATUS |STATUS |BREAK] STATUS /STATUS 


Bit 7 Framing Error 
1 A framing error occurred in receive data 
0 No framing error occurred, or the RDR was 
read 
Bit 6 Transmitter Underrun (TRANS UNDR) 
1 Transmit shift register is empty and TDRE bits 
in IER and ISR are set 
0 A write to the TDR has occurred 
Bit 5 ‘CTS Status 
1 CTS line high 
0 CTS line low 
Bit 4 DCD Status 
1 DCD line high 
0 DCD line low 
Bit 3 DSR Status 
1 DSR line high 
0 DSR line low 
Bit 2 REC Break 
1 A Receive Break has occurred 
0 No Receive Break occurred, or RDR, was read 
Bit 1 DTR Status 
1 DTR line high 
0 DTR line low 
Bit 0 RTS Status 
1 RTS line high 
0 RTS line low 


CONTROL AND FORMAT REGISTER (CFR) 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/IVR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1, the 
CFR operates as a Formal Register. 


Control Register (CFR Addressed with Bit 7 = 0) 


NO. 
BITS 


IVA/CDR 
Access the IRQ Vector Register (IVR) 
0 Access the Compare Data Register (CDR) 








te 
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Number of Stop Bits 
Two stop bils 
One stop bit 


Echo Selection (ECHO) 
Echo activated 
Echo deactivated 


Baud Rate Selection 
Baud Rate 


50 
109.2 
134.58 . 
150 
300 
600 
1200 
1800 
2400 
3600 
4800 
7200 
9600 
19200 
38400 
External TxC and RxC Clocks. 


Format Register (CFR Addressed with Bit 7 = 1) 


6 


5 3 





NUMBER 
OF DATA 
BITS 


Bits 6-5 


PARITY 
SELECTION 





7 a a el 
PARITY DTA RATS 
ENABLE | CONTROL | CONTROL 


Number of Data Bits Per Channel 
No. Bits 


5 
6 
7 
8 


Parity Mode Selection 
Selects 

Odd Parity 

Even Parity 

Mark Parity 

Space Parity 


Parity Enable 
Parity as specified by bits 4-3 
No Parity 


DTR Control 
DTR high 
DTR low 


RTS Control 
RTS high 
RTS low 
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OPERATION CONTINUOUS DATA TRANSMIT 
The ten modes {or conditions) of operation of the DACIA are: In the normal. operating mode, the TDRE bit in the ISR signals 
* Continuous Data Transmit the MPU that the DACIA is ready to accept the next data word. 





An IRQ occurs if the corresponding TDRE !RQ enable bit is set 


: : Recei 
Continuous: Data hacene in the {ER. The TDRE bit is set at the beginning of the start bit. 


* Transmit Undetrun Congiton When the MPU writes a word to the TDR the TDRE bit is cleared. 
¢ Effects of CTS on Transmitter In order to maintain continuous transmission the TDR must be 
® Effects of Overrun on Receive loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
* Echo Mode Timing tionship between {RQ and TxD for the Continuous Data Transmit 
¢ Framing Error mode. 


¢ Transmit Break Character 
Receive Break Character 
Automatic Address Mode 























CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR #n + 3 
= START a se! (START STOP; START STOP| START _ sToP| 
{ 
IRQ 
PROCESSOR MUST 
; LOAD NEW DATA 
PROCESSOR PROCESSOR IN THIS TIME 
INTERRUPT READS INTERVAL OTHERWISE, 
(TRANSMIT DATA ISR, CAUSES CONTINUOUS “MARK” 
REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED 
Figure 6. Continuous Data Transmit 
CONTINUOUS DATA RECEIVE a full data word. This occurs at about the 9/16 point through the 
stop bit. The processor must read the ROR before the next stop 
Similar to the continuous data transmit mode, the normal receive bit, or an overrun error occurs. Figure 7 shows the relationship 
mode sets the RDAF bit in the ISR when the DACIA has received between IRQ and RxD for the continuous Data Receive mode. 


CHAR #n CHAR #n +1 CHAR #n + 2 CHAR #n + 3 
go en IEA CEA [eJe} foley sls fee} fale] Ls lela) fateys| 
ator START ate START S10 START © Str 


iRQ 


IRQ PROCESSOR ay 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 


LAST STOP BIT 
PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS 

AND FRAMING ERROR ISR, CAUSES TIME INTERVAL, OTHERWISE 
UPDATED ALSO IRQ TO CLEAR OVERRUN OCCURS 


PROCESSOR MUST READ 





Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION 


It the MPU is unable to load the TDR before the last stop bit is 
sent, the TxD line goes to the MARK condition and the underrun 


flag is set. This condition persists until the TDR is loaded with a 
new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 





CHAR #n 


STOP 





Processor PROCESSOR READS 
MTERGOE: ISR, CLEARS IRQ 
FOR DATA UNDERRUN BIT ; 

EMPTY SET 


CONTINUOUS ‘‘MARK”’ 





CHAR #n + 1 


CHAR #n + 2 


td mat ee ee ee 


STOP | START 






| START STOP | START 


k 
WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 








Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF CTS ON TRANSMITTER 


The CTS control line controls the transmission of data or the hand- 
shaking of data to a ‘‘busy’’ device (such as a printer). When the 
CTS line is low, the transmitter operates normally. Any transition 
on this line sets the CTS bit in the ISR. A high condition inhibits 





CHAR #n CHAR #n + 1 
ko FW SSSR 
" STOP| START 7 STOP 
Te) 
ars CLEAR-TO-SEND 





Figure 9. Effects of 





the TORE bit in the ISR from becoming set. The word currently 
in the shift register continues to be sent but any word in the TDR 
is held until CTS goes low. At the high-to-low transition the CTS bit 
in the ISR is again set. Figure 9 shows the relationship of iRQ, 
TxD, and CTS for the effects of CTS on the transmitter. , 


NEXT CHARACTER !S SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
HAS ALREADY LOADED NEW DATA, 















CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW DATA. 
[) 
NEXT i # [4 feels] 
IS NOT SENT ie 
TDRE IS NOT SET MPU EN PROCESSOR 
PU FINALLY LOADS 
CLEARS NEW DATA, 
IRQ AGAIN TRANSMISSION STARTS 
IMMEDIATELY AND 
mn 
% INTERRUPT OCCURS, 
CTs _ INDICATING TRANSMIT 
= MPU ing. «DATA REGISTER EMPTY 
crs CLEARS 
IRQ _ 





CTS on Transmitter 
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EFFECTS Of OVERRUN ON RECEIVER ROR contains the last word not read by the MPU and all follow- 


If the processor does not read the RDA before the stop bit of the ing data is lost. The receiver will return to normal operation when 
next word, an overrun error occurs, the overrun bit is set in the the RDR is read. Figure 10 shows the relation of IRQ and RxD for 
ISR, and the new data word is not transferred to the RDR. The the effects of overrun on the receiver. 




















CHAR #n CHAR #n +1 CHAR #n + 2 joe #n +3 
NH 23 ee 4 ee aie 
wey ele Led, Lt fel) fede], Le fete] ey 
oor | START _ STOP wei =F START (asl START 
PROCESSOR ~~ Fa i \ CHAR #n + 2 
INTERRUPT MPU DOES MPU READS IRQ. 
FOR RECEIVER NOT READ ISR CHAR #n + 1 
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST 
FULL BIT SET 











Figure 10. Effects of Overrun on Receiver 


ECHO MODE TIMING mal transmit mode if TDRE occurs (indicating end of data) an 

underflow flag would be set and continuous Mark transmitted. If 
In the Echo Mode, the TxD line re-transmits the data received on Echo is initiated, the underflow flag will not be set at end of data 
the RxD line, delayed by 1/2 of a bit time. An internal underrun and continuous Mark will not be transmitted. Figure 11 shows the 
mode must occur before Echo Mode will start transmitting. In nor- relationship of RxD and TxD for Echo Mode. 









END OF 
STOP START STOP START STOP DATA 


BRSRICSCINCICIRIR CITI Cea 
VVVVOVV VAY VAAN ere 
oe GRRD CICA SCARS NCCC 


STOP START STOP START STOP 
IF ECHO MODE, 
NO UNDERFLOW, 


THEREFORE NO 
CONTINUOUS MARK 





Figure 11. Echo Mode Timing 
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FRAMING ERROR 


Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the RDRAF bit is set. Subse- 


STOP STOP START 


RxD 
(EXPECTED) 


STOP STOP ,START 


RxD 
(ACTUAL) 


iRQ 


NOTES: 1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 





quent data words are tested separately, so the status bit always 
reflects the last data word received. Figure 12 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 


STOP STOP START 


STOP | STOP START 





| 


MISSING 
STOP 
BIT 


PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 

BIT SET 


Figure 12. Framing Error 


TRANSMIT BREAK CHARACTER 


A Break may be transmitted by storing a value of $00 in the IER. 
After storing zero in the IER the Break is transmitted immediately. 
Care should be exercised so that a character in transmission is 
not disturbed inadvertently. The Break level lasts until other than 





we = = 
mT 4 Lt [ale] By | P ' By 


STOP | START STOP | START 





IRQ PERIOD DURING 


WHICH PROCESSOR 


—— SELECTS 
CONTINUOUS 
‘‘BREAK’’ MODE 
NORMAL 
INTERRUPT 





1 pou, Pa 
—- STOP 


$00 is stored in the IER at which time a stop bit is sent and 
transmission may resume. At least one full word time of Break 
will be sent regardless of the length of time between starting and 
stopping the Break character. Figure 13 shows the relationship 
of RQ and TxD for a Transmit Break character. 





Sndceconaec 


STOP | START STOP | START 


















POINT AT me o 
PROCESSOR PROCESOR 
SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSAAET TRANSMIT 


Figure 13. Transmit Break Character 


1-146 





R68C552 


RECEIVE BREAK CHARACTER 


In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the RDRF bit and 













——————-——_. 


STOP | START 





IRQ 


CONTINUOUS *'BREAK’”’ 


= Z = A 
RxD ed __ Be, Pe woo SL le) [spe], Bo | Bs 


ued 


le NORE i. NO INTERRUPT 
SINCE RECEIVER. NORMAL 
ROeaELEE processon [NTERRUPTS DISABLED UNTIL RECEIVER 
FOR INTERRUPT FIRST STOP BIT INTERRUPT 
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET. 
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS 


BREAK) REPRESENT EVEN PARITY. 
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remains in this state until a stop bit is received. At this time the 
next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 





STOP 





| START 


STOP | START 














' a 
L-.w 


Figure 14. Receive Break Character 


AUTOMATIC ADDRESS RECOGNITION 


The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. in the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
“‘wake-up”’ it’s CPU for every character sent down the network 
by the master. The end results is that the CPUs on the com- 
munications net are constantly being interrupted for the mundane 
task of address recognition. 


To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (j.e., the data 
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characters). When all data has been received by the slave, it’s 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The internat counter/divider circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
Register, as shown in Table 4. 


Generating Other Baud Rates 
By using a different crystal, other baud rates may be generated. 
These can be determined by: 


Rand Rates Crystal PIBQNENGY 

Divisor 
Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
must be the clock input and XTALO (pin 4) must be a nonconnect. 
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Table 4. Divisor Selection 

















Control 
Register ; Divisor Selected Baud Rate Generated Baud Rate Generated 
Bits For The With 3.6864 MHz With a Crystal 
3 2 1 Internal Counter Crystal of Frequency (f) 
000 173,726 
0 0 0 33,538 (3.6864 x 10°)/33,538 = 109.92 
0 0 1 27,408 - (3.6864 x 10°)/27,408 = 134.58 
o oO 1 24,576 (3.6864 x 10°)/24,576 = 150 
o 1 0 12,288 
091.0 6,144 
[ Oo 1 1 | 3,072 (3.6864 x 10°)/3,072 = 1,200 
0 2,048 (3.6864 x 10°)/2,048 = 1,800 


1,596 
1.024 

= 
512 





a (3.6864 x 10°/384 = 9,600 1/384 
192 (3.6864 x 10°/192 = 19,200 1192 
(3.6864 x 10°)/96 = 38,400 196 


16 TxC/16 = Baud Rate or RxC/16 = Baud Rate 
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Figure 15. DACIA External Clock Timing — Receive Data 
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Figure 16. DACIA External Clock Timing — Transmit Data 
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RSO-RS2 


ts 


DATA 


(D0-D7) 


DTACK 





DACA Read Cycle Timing 





ASO-AS2 











DACIA Write Cycle Timing 
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DACIA Transmit/Receiver Timing 

















DACIA Interrupt Acknowledge Timing 
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SPECIFICATIONS 


AC CHARACTERISTICS 
(Voc = 5 Vdc + 5%, Veg = O Vde, T, = T, to Ty, unless otherwise noted) 


| Number | __ Characteristic | | Symbot | Min, =] Max. | unit 


READ/WRITE TIMING 


RAW, RSO-RS2 Valid to CS Low (Setup) - 


CS Low to R/W, RSO-RS2 Read 
(Hold Time) 


TS Low to Data Valid 
ee AC 
a ae GS High to Data Invalid (Read) 
a ee 














7 CS High to Data Invalid (Write) 
ie coe CS Low to DTACK Low (Write) 
Parsee es, Data Valid to DTACK Low (Read) 


TRANSMIT/RECEIVE TIMING 
) XTALI to TxD Propagation Delay 


CTS, DCD, DSR Valid to IRQ Low 

















IRQ Propagation Delay (Clear) 
17 RTS, DTR Propagation Delay 


INTERRUPT ACKNOWLEDGE TIMING 


IACK Low to Data Valid thoy 
IACK Low to DTACK Low tute 




















TACK High to Data Invalid 
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ABSOLUTE MAXIMUM RATINGS“ 





"NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





Operating Temperature 
Commerciat 
Industrial 


OPERATING CONDITIONS 







Parameter 


Temperature Range Ta 
Commercial 0 to 70°C 
Industrial -—40°C to +85°C 





DC CHARACTERISTICS 
(Vcc = 5.0 V +5%, Vag = 0, T, = T, to Ty, unless otherwise noted) 


Parameter 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Leakage Current Vin = OV to 5.0V 
R/W, RES, RSO, AS1, RS2, AxD, CTS, OCD, DSA, Veco = 5.25V 


TxC, CS, IACK 
Vin = 0.4V to 2.4V 
Veco = 5.25V 


Output High Voltage . Voc = 4.75V 
DO-D7, TxD, CLK OUT, ATS, OTR loan = -100 wA 


Output Low Voltage . Veco = 4.75V 
DO-D7, TxD, CLK OUT, ATS’, DTR lLoan = 1.6mA 


Output Leakage Current (Off State) Voc = §.25V 
IRQ, DTACK Vour = 0 to 2.4V 


Power Dissipation 


Input Capacitance Cin 
Except XTALI and XTALO pF 
XTALI and XTALO pF 
_ 10 pF 


Output Capacitance 


Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Vc¢ = 5.0V and T, = 25°C, 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 1 
| MIN | MAX | MIN | MAX | 
| A_| 50.29 | 51.31 | 1.980 |2.020] 
| [14.86 | 15.62 [0.585 [0.615 | 
|G | 2.54] 4.19 | 





IMILLIMETERS| INCHES | 
| MIN | MAX | MIN | 


[ a [51.26 | 52.92 |2.040 [2.060 
Tv _| 13.72 { 14.22 [0.540 [0.560) 
Pe | 3.55 [ 5.09 |0.140]0.200) 
To | 0.36 | 05+ [0.014 ]0.020] 
Pe | 1.02] 1.52 [0.040 0.060) 
Pa | 254 68c | 0.100 BSC | 
Pa | 1.65] 2.76 [0.065 0.085) 
[3 [0.20 [0.30 ]0.008 0.012, 
Ck |-3.05 | 356 10.120]0.140) 


SHPORTS 


# TN | 051 | 1.02 [0.020 }0.040| 
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R6500 MICROPROCESSOR AND PERIPHERAL FAMILY 
Fastest Executing, Largest Selling 8-Bit Family Now Also In CMOS 


There is no microprocessor family easier to implement 
than the R6500. It’s the fastest instruction executing 8-bit 
family. It's software compatible with a family of single-chip 
microcomputers. It's available in NUOS and CMOS 
versions. It has a wide variety of CPUs and peripheral 
controllers and versatile memory-l/O-timer combinations. 

In the 8-bit range, nothing gives higher performance than 
this third generation microprocessor family. Pipeline 
architecture provides much faster instruction execution 
(1psec). Thirteen address modes provide the most efficient 
ways of addressing memory. R6500 peripherals are systern 
oriented, designed to implement systems with minimum 
chips. 

And now, it’s available in CMOS, for even higher speed, 
low power applications—the R65C00 family. It's now 
possible to move complete product and system designs 
directly into CMOS, being downward software compatible 
with the NMOS R6500 family. 


Millions of Units 
16 


NN 
1.33) 
NNN 
FI6502 280 6800 8060/85| R6502 


Family Family 
1979 


Source: Dataquest—April 1983 


Family 


Because of its inherent characteristics, the advanced 
Rockwell CMOS provides low power consumption, high 
noise immunity and high speed operation. Its 2 MHz CPU 
dissipates only 40 mW (compared to 700-800 mW in NMOS) 
and requires only 10 nA standby current. Instructions can 
be executed in only 500 nanoseconds. Instruction memory 
requirements are 20% less due to added bit manipulation 
features. And, there are even more advantages. 

The entire 8-bit R6500 family is upward compatible with 
the 16-bit R68000 bus, software compatible to the R6500/+ 
single-chip microcomputers and are the bullding blocks for 
the RM 65 module family and AIM 65 board microcomputer 
families, for a wide range of system applications. There's no 
wonder it’s one of the world’s largest selling families of 
microprocessors, as documented by Dataquest. (See below) 





Estimated Worldwide Shipments of Multisourced 8-Bit Microprocessors 
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Rockwell 


DESCRIPTION 


The 8-bit R6500 microprocessor devices are produced with 
N-channel, silicon gate technology. Its performance speeds are 
enhanced by advanced system architecture. This innovative 
architecture results in smaller chips—the semiconductor 
threshold is cost-effectivity. System cost-effectivity is further 
enhanced by providing a family of 10 software-compatible 
microprocessor (CPU) devices, described in this document. 
Rockwell also provides single chip microcomputers, memory and 
peripheral devices—as well as low-cost design aids and 
documentation. 


Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are bus-compatible with 
earlier generation microprocessors like the M6800 devices. 


The R650X and R651 X family includes six microprocessors with 
on-board clock oscillators and drivers and four microprocessors 
driven by external clocks. The on-chip clock versions are aimed 
at high performance, low cost applications where single phase 
inputs, crystal or RC inputs provide the time base. The external 
clock versions are geared for multiprocessor system applica- 
tions where maximum timing control is mandatory. All R6500 
microprocessors are also available in a variety of packaging 
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and 
3 MHz) and temperature (commercial and industrial) versions. 


ORDERING INFORMATION 


Part Number: R65XX_ _ _ 


| wemiperanare Range (T, to Ty): 
No letter orc to +70°C 
E —40°C to + 85°C 


Package: 
Cc Ceramic 
P 


Plastic 


Frequency Range: 
No letter = 1 MHz 
A 2 MHz 
B 3 MHz 


Model Designator: 
XX = 02, 03, 04,...15 





Document No. 29000D39 
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R650X and R651X 
MICROPROCESSORS (CPU) 


FEATURES 


N-channel, silicon gate, depletion load technology 
8-bit parallel processing 

56 instructions 

Decimal and binary arithmetic 

Thirteen addressing modes 

True indexing capability 

Programmable stack pointer 

Variable length stack 

Interrupt request 

Non-maskable interrupt 

Use with any type of speed memory 

8-bit bidirectional data bus 

Addressable memory range of up to 64K bytes 
“Ready” input 

Direct Memory Access capability 

Bus compatible with M6800 

1 MHz, 2 MHz, and 3 MHz versions 

Choice of external or on-chip clocks 

On-chip clock options 

—External single clock input 

— Crystal time base input 

Commercial and industrial temperature versions 


e Pipeline architecture 
e Single +5V supply 


R6500 CPU FAMILY MEMBERS 


Microprocessors with Internal Two Phase Clock Generator 


Model Addressable Memory 


R6502 64K Bytes 
R6503 4K Bytes 
R6504 8K Bytes 
R6505 4K Bytes 
R6506 4K Bytes 
R6507 8K Bytes 


Microprocessors with External Two Phase Clock Input 


Model No. Pins Addressable Memory 


R6512 40 64K Bytes 
R6513 28 4K Bytes 
R6514 28 8K Bytes 
RA6515 28 4K Bytes 


Data Sheet Order No. 039 
Rev. 6, February 1984 
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INTERFACE SIGNAL DESCRIPTIONS 


CLOCKS (81, 92) 


The R651X requires a two phase non-overlapping clock that 
runs at the Vcc voltage level. The R650X clocks are supplied 
with an internal clock generator. The frequency of these clocks 
is externally controlled. 


ADDRESS BUS (A0-A15, R6502) 


The address line outputs access data in memory device loca- 
tions or cells, access data in I/O device registers and/or effect 
logical operations in I/O or controller devices depending on 
system design. The addressing range ts determined by the 
number of address lines available on the particular CPU device. 
The AB502 and R6512 can address 64K bytes with a 16-bit 
address bus (A0-A15); the R6504, R6507, and the R6514 can 
address 8K bytes with a 13-bit address bus (A0-A12); and the 
R6503, R6505, R6506, R6513, and R6515 can address 4K 
bytes with a 12-bit address bus (AQ-A11). These outputs are 
TTL-compatible and are capable of driving one standard TTL 
load and 130 pF. 


DATA BUS (D0-D7) 


The data lines (D0-D7) form an 8-bit bidirectional data bus 
which transfers data between the CPU and mernory or periph- 
eral devices. The outputs are tri-state buffers capable of driving 
-one standard TTL load and 130 pF. 


DATA BUS ENABLE (DBE, R6512 ONLY) 


The TTL-compatible DBE input allows external contro! of the tri- 
state data output buffers and will enable the microprocessor bus 
driver when in the high state. In normal operation DBE is driven 
by the phase two (@2) clock, thus allowing data output from 
microprocessor only during 82. During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE should 
be held low. 


READY (RDY) 


The Ready ‘input signal allows the user to halt or single cycle 
the microprocessor on all cycles except write cycles. A negative 
transition to the low state during or coincident with phase one 
(81) will halt the microprocessor with the output address lines 
reflecting the current address being fetched. If Ready is low 
during a write cycle, it is ignored until the foltowing read oper- 
ation. This condition will remain through a subsequent phase two 
(22) in which the Ready signal is low. This feature allows micro- 
processor interfacing with the low speed PROMs as well as 
Direct Memory Access (DMA). 


INTERRUPT REQUEST (IRQ) 


The TTL tevel active-low IRQ input requests that an interrupt 
sequence begin within the microprocessor. The microprocessor 
will complete the current instruction being executed before rec- 
ognizing the request. At that time, the interrupt mask bit in the 
Processor Status Register will be examined. If the interrupt 
mask fiag is not set, the microprocessor will begin an interrupt 
sequence. The Program Counter and Processor Status Register 
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are stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further interrupts can occur. 
At the end of this cycle, the program counter low will be loaded 
from address FFFE, and program counter high from location 
FFFF, therefore transferring program .control to the memory 
vector located at these addresses. The RDY signal must be in 
the high state for any interrupt to be recognized. A 3KM external 
resistor should be used for proper wire-OR operation. 


NON-MASKABLE INTERRUPT (NMI) 


A negative going edge on the NMI input requests that a non- 
maskabie interrupt sequence be generated within the micro- 
processor. 


NMI is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for [RQ 
will be performed, regardless of the state interrupt mask flag. 
The vector address loaded into the program counter, low and 
high, are locations FFFA and FFFB respectively, thereby trans- 
ferring program contro! to the memory vector located at these 
addresses. The instructions loaded at these locations cause the 
microprocessor to branch to a non-maskable interrupt routine 
in memory. 


NMi also requires an external 3K register to Vcc for proper 
wire-OR operations. 


Inputs IRQ and NMI are hardware interrupts lines that are sam- 
pled during #2 (phase 2) and will begin the appropriate interrupt 
routine on the 21 (phase 1) following the completion of the cur- 
rent instruction. — 


SET OVERFLOW FLAG (50) 


A negative going edge on the SO input sets the overflow bit in 
the Processor Status Register. This signal is sampled on the 
trailing edge of @1 and must be externally synchronized. 


SYNC 


The SYNC output line identifies those cycles in which the micro- 
processor is doing an OP CODE fetch. The SYNC line goes high 
during 61 of an OP CODE fetch and stays high for the remainder 
of that cycle. If the RDY line is pulled low during the 21 clock 
pulse in which SYNC went high, the processor will stop in its 
current state and will remain in the state unti! the RDY line goes 
high. In this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 


RESET (RES) 


The active low RES resets, or starts, the microprocessor from 
a power down or restart condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the microproc- 
essor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the mask 
interrupt flag is set and the microprocessor loads the program 
counter from the memory vector jocations FFFC and FFFD. This 
is the start location for program control. 


After Vcc reaches 4.75 volts in a power up routine, reset must 
be held low for at least two clock cycles. At this time the R/W 
and SYNC signals become valid. 
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R6502 FEATURES a 


64K addressable bytes of memory (AO-A15) O2(0uUT) 
IRQ interrupt me 
On-chip clock 

TTL-level single phase input 

RC time base input 

crystal time base input 

SYNC signal 

(can be used for single instruction execution) 

RDY signal 

(can be used to halt or single cycle execution) 

Two phase output clock for timing of support chips 

NMI interrupt 

40-pin DIP 





R6503 FEATURES 


e 4K addressable bytes of memory (A0-A11) 
e On-chip clock 
e IRQ interrupt 
e NMI interrupt 
e 
e 


8-bit bidirectional data bus 
28-pin DIP 


R6504 FEATURES 


8K addressable bytes of memory (A0-A12) 
On-chip clock 
IRQ interrupt 

e 8-bit bidirectional data bus 

e@ 28-pin DIP 


R6505 FEATURES 


e 4K addressable bytes of memory (A0-A11) 
e On-chip clock 

e IRQ interrupt 

e RDY signal 

e 8-bit bidirectional data bus 

e 28-pin DIP 
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R6513 FEATURES 


4K addressable bytes of memory (A0-A11) 
Two phase clock input 
e IRQ interrupt 
NMI interrupt 
8-bit bidirectional data bus 
28-pin DIP 


R6514 FEATURES 
8K addressable bytes of memory (A0-A12) 


Two phase clock input 
(AQ interrupt 
8-bit bidirectional data bus 





R6515 FEATURES 


e 4K addressable bytes of memory (A0-A1 1) 
e Two phase clock input 

e IRQ interrupt 

e RDY signal 

e 8-bit bidirectional data bus 
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R6506 FEATURES 
e 4K addressable bytes of memory (A0-A11) 
e On-chip clock . 

e IRQ interrupt 
e 
e 





Two phase output clock for timing of support chips 
8-bit bidirectional data bus 











e 28-pin DIP 
Aes C1 ‘bo (OUT) 
vss (2 Gq (IN) 
RADYC3 R/W 

R6507 FEATURES rigs Be 

0 C45 
e 8K addressable bytes of memory (A0-A12) Al 6 D2 
e On-chip clock A2 7 D3 
i A3 8 D4 

e ROY rarel re bs 

e 8-bdit bidirectional data bus A5 D6 

e 28-pin DIP AG D7 


AES 
Oo (OUT)« 


R6512 FEATURES 


e 64K addressable bytes of memory (A0-A15) 
IRQ interrupt 
NMI interrupt 
RDY signal 


SYNC signal 
Two phase clock input 
Data Bus Enable » 


e 
e 
9 
e 8-bit bidirectional data bus 
e 
e 
e 
e 40-pin DIP 


“Pins 37 and 39 are connected internally 
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FUNCTIONAL DESCRIPTION 


The internal organization of all R6500 CPUs is identical except 
for some variations in clock interface, the number of address 
output lines, and some unique input/output lines between 
versions. 


CLOCK GENERATOR 


The clock generator develops all internal clock signals, and (where 
applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the exter- 
nal timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one 
clock. pulse for as many cycles as is required to complete the 
instruction. Each data transfer which takes place between the reg- 
isters depends upon decoding the contents of both the instruction 
register and the timing controt unit. 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 


Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) Is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 8 
bits. The counter is incremented each time an instruction or data 
is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instuction regis- 
ter, then decoded, along with timing and interrupt signals, to gen- 
erate control signals for the various registers. 
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ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is used only to 
perform logical and transient numerical operations. - 


ACCUMULATOR 


The accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations, and in addi- 
tion, the accumulator usually contains one of the two data words 
used in these operations. < 


INDEX REGISTERS 


There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. 


When executing an instruction which specifies indexed addressing, 
the CPU fetches the op code and the base address, and modifies 
the address by adding the index register to it prior to performing the 
desired operation. Pre- or post-indexing of indirect addresses is 
possible (see addressing modes). 


STACK POINTER 


The stack pointer is an 8-bit register used to control the addressing 
of the variable-length stack on page one. The stack pointer is auto- 
matically incremented and decremented under control of the micro- 
processor to perform stack manipulations under direction of either 
the program or interrupts (NMI) and IRQ). The stack allows simple 
implementation of nested subroutines and multiple level interrupts. 
The stack pointer should be initialized before any interrupts or stack 
operations occur. 


PROCESSOR STATUS REGISTER 


The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. 
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~@—— REGISTER SECTION CONTROL SECTION ———> 
Aes AG NM) 
AO INDEX 
“| - INTERRUPT 
REGISTER 
* a 
Az INDEX Hy 
REGISTER 
: vad 
RADY2 
A3 
ABL SYNC? 
Aa STACK 
"emma POINT — 
REGISTER 
(s) 
AS 
INSTRUCTION 
DECODE 
46 “ns 
ALU mil 
== 
A? 
ADORESS 
BUS? ; 
: = . 
AB a < 
< ACCUMULATOR pa |} TIMING 
z A ~ CONTROL 
< ; 
$ a 
A x 
ha 
Zz 1 {IN)* 
o 
A10 fom 4 
$2 (IN)* 
All ‘ .—_—, | 
clock 
’ go (INP 
a L0] 
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—= = 
aD eae 
LEGEND: 
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| = 1 BIT LINE be 
D? 


NOTE 
1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND A6515. 
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF 
THE CPUs. 
. RG502, AG503, R6504, AGSO5, RGSOG AND R6507. 
. R6512, R6513, R6514 AND R6515. 
. R6512 ONLY. 
. R6502 ONLY. 


oun & | 


RA650X and R651X Internal Architecture 
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INSTRUCTION SET 


The R6500 CPU has 56 instruction types which are enhanced 
by up to 13 addressing modes for each instruction. The accu- 


mulator, index: registers, Program Counter, Stack Pointer and 
Processor Status Register are illustrated below. 


Alphabetic Listing of Instruction Set 


[weerenie [Funeton _——~‘Y|_Wnemone [Funston ———SS—*Sd 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 
Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


“Exclusive-OR" Memory with Accumulator 


Increment Memory by One 
Increment Index X by One. 
Increment Index Y by One 


7 0 


[a Accumutaton =a 


7 ') 


INDEX REGISTER = 

7 0 ° 

Cx CC~CSC*SSNDOX REGISTER =X 

7 0 
PCL PROGRAM COUNTER “PC” 

8 7 


Programming Model 


2-10 


Jump to New Location 
Jump to New Location Saving Return Address 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 

Push Processor Status on Stack 
- Pull Accumulator from Stack 

Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt. 

Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimat Mode 

Set Interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer index X to Stack Register 
Transfer Index Y to Accumulator 


7 0 
iw] v[1[B[D]1[z]c] pRocESsoR STATUS REG ‘P” 


L CARRY 


ZERO 


1=TRUE 
1=RESULT ZERO 
IRQ DISABLE 1 =DISABLE 
DECIMAL MODE 1=TRUE 
—BRK COMMAND 1=BRK 


OVERFLOW 1= TRUE 


NEGATIVE 1=NEG. 
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ADDRESSING MODES 


The R6500 CPU family has 13 addressing modes. In the following 
discussion of these addressing modes, a bracketed expression fol- 
lows the title of the mode. This expression is the term used in the 
Instruction Set Op Code Matrix table (later in this product descrip- 
tion) to make it easier to identify the actual addressing mode used 
by the instruction. 


ACCUMULATOR ADDRESSING [Accum]—This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 


IMMEDIATE ADDRESSING [IMM]—In immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing required. 


ABSOLUTE ADDRESSING [Absolute]—In absolute address- 
ing, the second byte of the instruction specifies the eight low 
order bits of the effective address while the third byte specifies 
the eight high order bits. Thus, the absolute addressing mode 
allows access to the entire 64K bytes of addressable memory. 


ZERO PAGE ADDRESSING [ZP]—The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 


INDEXED ZERO PAGE ADDRESSING ([ZP, X or YJ—(X, Y 
indexing)—This form of addressing is used with the index reg- 
ister and is referred to as "Zero Page, X” or “Zero Page, Y”. 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of “Zero 
Page” addressing, the content of the second byte references 
a location in page zero. Additionally, due to the “Zero Page” 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—(X, Y 
indexing)—This form of addressing is used in conjunction with 
X and Y index register and is referred to as “Absolute, X” and 
“Absolute, Y”. The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 


2-11 


R6500 


the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
reduced coding and execution time. 


IMPLIED ADDRESSING [Implied]—In the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 


RELATIVE ADDRESSING [Relative]—Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is —128 to +127 bytes from the 
next instruction. 


INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING [(IND), Y)—In indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT [Indirect]—The second byte of the 
instruction contains the low order eight bits of a memory loca- 
tion. The high order eight bits of that memory location are con- 
tained in the third byte of the instruction. The contents of the 
fully specified memory location are the tow order byte of the 
effective address. The next memory location contains the high 
order byte of the effective address which is toaded into the six- 
teen bits of the program counter. (JMP (IND) only) 
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INSTRUCTION SET OP CODE MATRIX 


The following matrix shows the Op Codes associated with the 
R6500 family of CPU devices. The matrix identifies the hex- 
adecimal code, the mnemonic code, the addressing mode, the 


fa 
® 
= BRK © 






JSA 


36 


Relative 
2 2°" 











BVC 
Relative 
2 2" 





7 | Relative 
2 pe 

8 
BCC 
9 | Relative 
Wes 2" 
: LDY 
A IMM 
22 







BCS 
Relative 
2 2° 





| Absolute! (Ih 


1 2 3 4 5 6 
ORA, 


(IND), ¥ 
2.5°- 








EOR 
(IND), ¥ 
2-5" 








LDA 
(IND), ¥ 
25 


























CPY CMP “CPY 
Cc | IMM [(IND, X) zP 
22] 26 ee 3 
BNE | CMP 
D | Relative) (IND), Y 
2e*|2 5° 
CPX Sec CPx 
E | IMM } (IND, X) zp 
22/26 23 
BEQ SBC 
F | Relative] (IND), Y 
2e7| 2 5 
a) 1 2 3 4 5 6 
0 
BRK | —OP Code 
0 | tmplied | —Addressing Mode 
1 7 ~+—Instruction Bytes; Machine Cycles 









number of instruction bytes, and the number of machine cycles 
associated with each Op Code. Also, refer to the instruction set 
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summary: for additional information on these Op Codes. 


PHP 





tmplied 


Cl 
implied | 








Implied 
1 2 


CLV 
(mplied 
1 2 





INX 
Implied 
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t24s 











TXA 
implied 
1 2 
TXS 









Implied 


1 


1 








TSX 
Implied 


NOP 


2 


2 





implied 


1 





2 




















































































B c D E F 


“Add 1 to N if page boundary is crossed. 


*“Add 1 to N if branch occurs to same page; 


add 2 to N if branch occurs to different page. 
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INSTRUCTION SET SUMMARY 


EEE a 
fone] ——_reron Poof] foo [bol To fo >] fo] [foro] for eT fool [o lor = Food| REESE TE 
79 3 


ReMe OA (41) 60 65) 3 
20 25/3 3 
OE 06] § 
30 
Ua) 
FO] 2] 2 


or 1 
3 

























AAM >A uw) 
c+z 77-0 
BRANCHONC = 0 (2) 
BRANCH ONC 
BRANCH ONZ 
aAM 
BRANCH ONN 
BRANCH ONZ 
BRANCH ON N 
BREAK 
BRANCHONV 
BRANCH ONV 
a-+c 
o-D 























sol2) 2 
Oop2 | 2 

















wy] 2 






































Ol 1 
1 
Bi 1 
ci] 6] 2 


Cc. 
8 
€ 


ny NM NR 
N NN 
om oO 
o.90 9 
mo 
ee 
wile ow 
yy © 








EE] 6} 3/e6] 5 


2 
C&| 2 
3]3 
20) 6)3 
AD] 4} 3JAS] 3} 2 2 





0] 7 
a) 2 
8} 2 
a} 2 
Al 2 
6] 2 
8 


Xe 1X 





2 2)2 z 222j;)j2 22 


Yuu-y 





JUMP TO NEW LOG 
JUMP SUB 
Maw 














LY ae 
May 
o-E__ ek 
NO OPERATION 
AVYM-A 



































RTANINT 
RATRN SUB 


















































aH 4H HATH HHH HIM HH BD Diya v4 


bo PM <[e « x bP 
<u MM PLP A A 
PrP HW »P mw «Kx «Kom DP 

























ABD 1to N IF PAGE BOUNDARY IS CROSSED 

























x INDEX ADD MEMORY BIT 7? 
12) ADD 1 TON IF BRANCH OCCURS TO SAME PAGE Y INDEX ¥ SUBTRACT MEMORY BIT 6 
ADD2TO N’ IF BRANCH OCCURS T HEFERENT PAGE 
E oP A ACCUMULATOR ‘ AND fA NO. CYCLES 
CARRY NOT = BORROW 
“ MEMORY PER EFFECTIVE ADDRESS Oa . NO. BYTES 






IF IN DECIMAL MODE 2 FLAG IS INVALID 
ACCUMULATOR MUST BE CHECKED FOR ZERO AESULT 


<< 


MEMORY PER STACK POINTER EXCLUSIVE OA 


2-13 








R650X, R651X 7 R6500 Microprocessors (CPU) 


R650X CLOCK TIMING 





A651X CLOCK TIMING 


Teve 
Ta Tpwra,, T 
Van 0.2V Ven -0 
1 (IN) Yeo" 0.2¥ ec oc 02 
0.2V 02V 0.2V 
Tp Ty 
-0.2 
2 (IN) Voge 22V Vee O2V cc 
0.2V a2V 02 
Tr, Tr Tow, 
REFA REFB REF A 


R65XX READ WRITE TIMING 


REF 


MULE 


Taps 








DATA LINES 
READ 





DATA LINES 
“WRITE 





SYNC 


« UMM, 
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AC CHARACTERISTICS 


To 
Tr, Tr 


Write Data Hold Time 


Notes: 

1. Loads: All output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF. 
2. Measured between 0.8 and 2.0 points on waveform load. 

3. Measured between 10% and 90% points on waveforms. 

4. *ADY must never switch states within Rapy to end of $2. 
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RECOMMENDED TIME BASE GENERATION FOR R6502 


1.5K 3.0K 


15K ; 





(1 MHz ~ 3 MHz)* 





*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT 
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ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbot | Vaiue | Unt 
Supply Voltage -0.3 to +7.0 
Input Voltage ~0.3 to +7.0' 


Vin | 
- Operating Temperature Range Ta °C 
Industrial —40 to +85 


Commercial 
[Stage Temperate | Tare =e +80 | +O 
OPERATING CONDITIONS 












*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions. for 
extended periods may affect device reliability. 










[Parameter [| Symbol | Value 
Supply Voltage {te 5V +5% 


Temperature Range 
Commercial O°C to 70°C. 
Industrial — 40°C to +85°C - 





DC CHARACTERISTICS 


(Vec = 5.0V £5%, Veg = 0, Ta = T, to Ts unless otherwise noted) 


ee 


Input High Voltage 
Logic, $0 (IN) 

$1 (IN), $2 (IN) 
Input Low Voltage 
Logic, gO (IN) 


$1 (IN), $2: (IN) 








Input Leakage Current Vin = OV to 5.25V 
Logic (Excl. RDY, S.O.) : Veco = OV 
91 (IN), $2 (IN) 
$0 (IN) 


Input Leakage Current for Three State Off hrs) pA Vin = 0.4V to 2.4V 
Do-D7 10 Vee = 5.25V 

Output High Voltage Mes Vou ‘ttoao = —100 aA 
SYNC, DO-D7, A0-A15, R/W, $1 (OUT), ¢2 (OUT) | +2.4 _ Vec = 4.75V: 











Output Low Voltage = Vo Vv Loan = 1.6 MA 
SYNC, DO-D7, A0-A15, RW, $1 (OUT), 62 (OUT) Veco = 4.75V 


Power Dissipation 
1 and 2 MHz 
3 MHz 


Capacitance 

Logic 

DO-D7 Ps 
AO-A15, RW, SYNC 
90 (IN) 

$1 (IN) 

2 (IN) 
Notes: 
1. All units are direct current (de) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. IRQ and NMI require 3K pull-up resistor. 

4. $1 (IN) and $2 (IN) apply to A6512, 13, 14, and 15; 90 (IN) applies to R6502, 03, 04, 05, 06 and 07. 
§. Typical values shown for Voc = 5.0V and T, = 25°C. 
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R6501Q @ R6511Q 
RA6500 Microcomputer System 


R6501Q AND R6511 Q 
ONE-CHIP MICROPROCESSOR 





INTRODUCTION 


The Rockwell R6501Q and R6511Q are extended, high perform- 
ance 8-bit NMOS-3, single chip microprocessors, and are com- 
patible. with all members of the R6500 family. 


The devices contain an enhanced R6502 CPU, an internal clock 
oscillator, 192 bytes of Random Access Memory, and versatile 
interface circuitry. The interface circuitry includes two 16-bit pro- 
grammable timer/counters, 32 bidirectional input/output lines 
(including four edge sensitive lines and input latching on one 
8-bit port), a full-duplex serial I/O channel, ten interrupts and 
bus expandability. A full 16-bit address bus and 8-bit data bus 
provide accessing to 65K bytes of external memory. 


The devices come in a 64-pin Quad Inline package (QUIP). 


The devices may be used as a CPU-RAM-I/O counter device 
in multichip systems or as an emulator for the R6500/11 family 
of microcomputers. They provide all R6500/11 interface lines, 
plus the address bus, data bus and control lines to interface with 
external memory. 


SYSTEMS DEVELOPMENT 


Rockwell supports development of the devices with the Rockwell 
Design Center System and the R6500/* Personality Set: Com- 
plete in-circuit emulation with the Personality Set allows total 
systems test and evaluation. 


This data sheet is for the reader familiar with the R6502 CPU 

hardware and programming capabilities. For additional infor- 

mation see the R6501Q Product Description, (Document Order 

Number 2145) or the R6511Q Product Description, (Document 
- Order Number 2133). 


ORDERING INFORMATION 


‘Package Frequency 
Type Option 


Plastic (QUIP) 1 MHz 
Plastic (QUIP) 2 MHz 
Plastic (QUIP) 1 MHz 
Plastic (QUIP) 2 MHz 


Temp. 
Range 


0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 





F6501Q 


R6501AQ" 
R6511Q 
R6511AQ 


FEATURES 


@ Enhanced R6502 CPU 


—~Four new bit manipulation instructions 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 


—Decimal and binary arithmetic modes 
—13 Addressing modes 
—True indexing 


Document No. 29000D84 





192-byte static RAM 

32 bidirectional, TTL-compatible I/O tines (four ports) 

One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software control 
Two 16-bit: programmable counter/timers, with 3 latches 
—Pulse width measurement 

—Pulse generation (1 symmetrical, 1 asymmetrical) 
—Interval timer 

—Event counter 

—Retriggerable interval timer 


‘Serial Port — Full Duplex, Buffered UART 


—Receiver Wake Up and Transmitter End of Transmission 
Features 


—Programmable. Standard Asynchronous Baud Rates from 
50 to 125K bits/sec at 2 MHz 


Satisfies SMPTE 422 Broadcast Standard (8 Data, Parity, 
1 Stop) at 98.4K bits/sec 

—Programmable 5-8 bit Character Lengths, with or without 
parity 

—Receiver Error Detection for Framing, Parity, and Overrun 


—Synchronous Shift Register alternate mode (250KC at 
2 MHz) 


Ten interrupts 


’—Four edge-sensitive lines; two positive, two negative 


—Two counter underflows 

—Serial data receiver buffer full 

—Serial data transmitter buffer empty 

—Non-maskable 

—Reset 

Full data and address pins for 65K bytes of external memory 

Flexible clock circuitry 

—2 MHz or 1 MWz internal operation 

—Internal clock with external XTAL at four times internal fre- 
quency (R6501Q) or two times internal frequency (R6511Q) 

—External clock input divided by one or four (R6501Q) or one 
or two (R6511Q) 

68% of the instructions have execution times less than 2 us 

at 2 MHz 


. NMOS-3 silicon gate, depletion load technology 


Single +5V power supply 
12 mW stand-by power for 32 bytes of the 192-byte RAM 
65-pin QUIP 


R6501Q has puillup resistors on PA, PB, and PC 
R6511Q has no pullup resistors 


Data Sheet Order No. D84 
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FUNCTIONAL DESCRIPTION 


CENTRAL PROCESSING UNIT (CPU) 


The internal CPU of the device is a standard R6502 configuration 
with the standard R6502 instructions plus 4 new bit manipulation 
instructions. These new bit manipulator instructions form an 
enhanced R6502 instruction set and improve memory utilization 
efficiency and performance. 


Set Memory Bit (SMB #,ADDR.) 


This instruction sets to ‘‘1”’ one bit of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the. instruction specifies the SMB operation and which one 
of 8 bits to be set. The second byte of the instruction designates 
the address (0-225) of the byte or /O port.to be operated upon. 


Reset Memory Bit (RMB #,ADDR.) 


This Instruction is the same operation and format as the SMB 
instruction except a reset to ‘0’ of the bit results. 


Branch on Bit Set Relative (BBS #,ADDR.,DEST) 


This instruction tests one of 8 bits designated by a 3-bit immedi- 
ate field within the first byte of the instruction. The second byte 
is used to designate the location of the byte or I/O port to be 
tested within the zero page address range. The third byte of the 
instruction is used to specify the 8-bit relative address to which 
the instruction branches if the bit tested is a ‘'1”’. If the bit tested 
is not set, the next sequential instruction is executed. 


Branch on Bit Reset Relative (BBR #,ADDR.,DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
a “0"” 


Random Access Memory (RAM) 


The RAM consists of 192 by 8 bits of read/write memory with 
an assigned page zera address of 0040 through OOFF. The 
devices provide a separate power pin (Var) which may be used 
for standby power. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Var pin. 


Clock Oscillator 


The clock oscillator provides the basic timing signals. A reference 
frequency can be generated with the on board oscillator (with 
external crystal) or an external reference source can be driven 
into the XTLI pin. If the XTLO pin Is Jeft floating, the reference 
frequency is internally divided by four (R6501Q) or two (R6511Q) 
to obtain the internal clock. The internal clock is then available 
as an output at the $2 pin. The XTLI pin may be used as an 
undivided clock input by connecting XTLO to Vsg, in which 
case the internal division circuitry ls bypassed and the device 
operates at the reference frequency. 


Parallel Input/Output Ports 


The devices have 32 1/O lines grouped into four 8-bit ports (PA, 
PB, PC, PD). Ports A through C may be used either for input 
or output individually, or in groups of any combination. The 


One-Chip Microprocessor 


R6501Q has pullup resistors on PA, PB and PC. The R6511Q 
has no.pullup resistors. Port D may be used as all inputs or all 
outputs. It has active pull-ups. _ 


Port A (PA) can be programmed as a standard parallel 8-bit I/O 
port or under software control as serial I/O lines, counter I/O 
lines, positive (2) and negative (2) edge detects, or an input data 
strobe for the Port B (PB) input latch. 


Port B (PB) can be programmed as an I/O port with latched input 
enabled or disabled. 


Port C (PC) can be programmed as an 1/O port, as an abbre- 
viated bus, as a multiplexed bus, or as part of the full address 
mode. In the full address mode pins PC6 and PC7 serve as 
addresses A13 and A14, respectively; PCO-PC5 are I/O pins. 


Port D (PD) functions as an I/O port, an 8-bit tri-state data bus, 
or as a multiplexed address/data bus. 


Serial Input/Output Channel — UART 


The devices provide a full duplex serial I/O channel with program- 
mable bit rates covering all standard baud rates from 50 to 
125K bits/sec including the SMPTE 422 standard at 38.4K bits/ 
sec. Character lengths of 5 to 8 bits, with or without parity are 
programmable. A full complement of flags provides for Receiver 
Wake Up; Receiver Buffer Full; Receiver Error Conditions detect- 
ing Framing, Parity, and Overrun errors; Transmitter End of 
Transmission and Transmitter Buffer Empty. In addition, a syn- 
chronous shift register mode to 250 KC at 2 MHz is available. 


Wake-Up Feature 


In a multi-distributed microcomputer application, a destination 
address is usually included at the beginning of the message. 
The Wake-Up Feature allows non-selected CPUs to ignore the 
remainder of the message until the beginning of the next 
message by setting the Wake-Up bit. 


Counter/Latch Logic 


The devices contain two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the counters. 
Counter A has one 16-bit latch and Counter B has two 16bit 
latches. Each counter can be independently programmed to 
operate in one of four modes: 


Counter A Counter B 
¢ Pulse width * Retriggerable Interval 
measurement Counter 
« Pulse Generation « Assymmetrical Pulse 
© Interval Timer Generation 


e Interval Timer 
e Event Counter 


e Event Counter 


Mode Control Register (MCR) 


The Mode Contral Register contains control bits for the multi- 
function I/O ports and mode select bits for Counter A and 
Counter B. 
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Ports C and D Operation Modes 


There are four operating modes available in ports C and D, soft- 
ware programmable via the Mode Conirol Register. The full 
address mode allows access to a full 65K bytes of external 
storage. In this mode PC6 and PC7 are automaticallyu used for 
A13 and A14. In the Input/Output mode the four ports are all 
used for I/O. In the abbreviated and multiplexed modes some 
port pins set up for addressing 64 or 16,384 bytes of external 
memory. 


Interrupt Flag Register (IFR) and 
Interrupt Enable Register (IER) 


The devices include an Interrupt Flat Register and an Interrupt 
Enable Register which flags and controls I/O and counter status. 


R6501Q or R6S511G 
FFFE 
FFFC 
FFFA 


USER PROGRAM 
















CLOCK 
OSCILLATOR 





EDGE DETECT 





Van PAO-PA7 
(PAO. PAI, 
RES o> PA2, Pad. 
a INTERRUPT EDGE 
NM LOGIC DETECTS) 
Vee 
Ves DS(PAa 
DATA: 
STROBE)* 
: PCO-PC7! 
f2 (A1a, A14 
Full 
DBO-DB7 adres 
AO0-A12, mode) 
AIS POO-PD7/ 
SYNC See A/ADDR 
A4-A11) 








AW 







CONTROL. 
REGISTERS 








COUNTER/LATCH 
A > CA (PAA): 


CB (PAS)* 








16 BIT SERIAL RECEIVE, 
COUNTEAR/LATCHES TRANSMIT 
B REGISTERS 


A65110 


SO (PA6)" 
St (PAT)* 


*MULTIPLEXED FUNCTIONS PINS (Soltware Setectable) 







BLOCK DIAGRAM 


INTERNAL REGISTERS 


WRITE 


- ADORESS 



























OOFF ae 
INTERNAL 
RAM (192) 


0040 























RESERVED 








OO1F 
VO & REGISTERS 





0000 







-— —— O01F 
Lower Counter 8 Upper Latch B* # 001E 
Upper Counter B Upper Latch B 001D 
Lower Counter B # Lower Latch B 001C 

—_—— -—— 001B 
Lower Counter A Upper Latch A’ # QOo1A 
Upper Counter A Upper Latch A 0019 
Lower Counter A # Lower Latch A 0018 
Ser Rec Data Aeg.. Ser Trans Data Reg. 0017 
Serial Status Reg. Serial Status Reg. (1) 0016 
Serial Contro! Reg. Serial Control Reg. 0015 
Mode Control Reg. Mode Control Reg. 0014 

-_— -_-— 0013 
Interrupt Enable Reg. Interrupt Enable Reg. 0012 
Interrupt Flag Reg. -—_— 0011 
Read FF Clr interrupt Flag (2) 0010 

OOOF 
USER AVAILABLE 
0007 
0006 
(Reserved for I/O ports E, F, & G when 
emulating the R6500/1 2) 

0004 
0003 

VO PORT D 

VO PORT C 

V’O PORT B 

VO PORTA 
0000 





*~LOAD & START COUNTER 
# CLEAR FLAG 

(1) BITS 4& 5 ONLY 
(2) BITS 0-3 ONLY 


MEMORY MAP 
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7 a : 
La accumuraton a A SOS TR i Be AMY 
4 : : 0 : 
(nex recisten ¥ v 
7 Q 2 : 
CJ inex resister x x 
a u : be carry (c) (1) 
PROGRAM COUNTER PC 
: ul : i 6 1= Carry Set- 
0 =Carry Clear 
STACK POINTER 8 
7 _ 0 ZERO (z) G4) 





(N[v] ]®]°]! [z[C] processor status REG P 


1 =Zero Result 
O0=Non-Zerg Result 













INTERRUPT DISABLE (1) @) 


CPU Registers 


4 IRQ interrupt Disabled 
© .-.1AQ interrupt Enabled 


bs ee DECIMAL MODE (0) (O) 


1 = Decimal Mode 
0 = Binary Mode 





BREAK COMMAND (8) (1) 


+= Break Command 
0 =Non Break Command 





OVERFLOW (Q) (2) 


1-= Overtlow Set ° 
O= Overtlow Clear 


NEGATIVE (N) (1) 


MCR Addr 0014 










Counter B NOTES - 
Mode Select 6—— Interval Timer. Not initialized by RES 1 = Negative Value 
O0—— 1 Pulses Genaration Set to Logic 1 by RES 0 = Postive Value 
1—— 0 Event Counter : : ‘ 
Bus Mode Select 1—— 1 Pulas with Meas. Processor Status Register 
& ——0 Interval Timer : 
0 —— 1 Pulse Generation 
1 -——0 Event Counter 
1—— 1 External Trigger IFA Adar 0011 
Part B Latch 
Port D Tri-State - 
(0 = Tri-State) 
0 ——0 Full Addr Mode 
Addr 0012 
© —1 Normal IER J 
1—— 0 Abbr. Bus ‘i 
1——-11 Mur'd Bus ° PAO Positive 
Edge Detect 
PA1 Positive 
Mode Control Register Edge Detect 


PA2 Negative 
Edge Detect 
PA3 Negative 

* Edge Detect 
Counter A 

Underflow Flag | 

Counter B 

Underflow Flag 

ACVA 

Flag 

XMTR 
Flag 





Interrupt Enable and Flag Registers 


0~Odd Parity 
1~Even Parity 
Q Parity Disable 

4 Parity Enable 
0~8 Bits/Char 

1~7 Bits/Char 

O~ 6 Bits/Char 

1~ 5 Bita/Char 

0 —-0 XMTA & RCVA ASYN Mode 

0 ——1 XMTR ASYN, RCVA S/R 

1—=—=X XMTR S/R, RCVR ASYN 







Addr 0016 










RCVA Data 
Reg Full 
: ACVR Over-Aun 





| Parity Error 


L Frame Error 





Wake-Up 





~ End of Transmission 





0 ACVR Disable 
1 RCVR Enable 
0 XMTR Disable 

1 XMTR Enable L XMTR Under-Run 


XMTR Data Reg Empty 





Serial Communications Control Register Serial Communications Status Register 
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ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbol] Value | Unt | 
Supply Voltage -0.3 to +7.0 
Input Voltage 


Operating Temperature 


T ; °C 
Commercial Oto +70 


| Storage Temperature Range -55 to +150 | °C 


DC CHARACTERISTICS 
(Vec = 5V +5% Vgg = 0) 
Parameter 


Power Dissipation (Outputs High) 
Commercial at 25°C 


Commercial at 25°C 





*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 








Input Low Voltage 


Input Leakage Current (RES, NMI) 
Vin = 0 to 5.0 Vde 


Input Low Current 
(Vy. = 0.4 Vde) 


Output High Voltage Except XTLO Vor 
(loan = — 100 Adc) 
Output Low Voltage Voi 
(ILoap = 1.5 mAdc) 
Cin 


Input Capacitance 
(Vij —0, Ty = 25°C, f = 1.0 MHz) 


XTL1, XTLO 
All Others 


1/O Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, PCO-PC7 
R6501Q only 














Note: Negative sign indicates outward current flow, positive indicates inward flow. 


AC CHARACTERISTICS 
(Voc = 5V £6% Vsg = 0 


Parameter . 





XTLI Input Clock Cycle Time 


Peripheral Data Setup Time 





Count and Edge Detect Pulse Width Tpw 
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PERIPHERAL INTERFACE ADAPTER (PIA) 





DESCRIPTION 


The R6520 Peripheral Interface Adapter (PIA) is designed to 
solve.a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500* or 
R65C00 family of microprocessors, the R6520 allows implemen- 
tation of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 


control/interrupt input lines are provided. These lines can be’ 


used to interrupt the processor or to ‘‘handshake”’ data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


Part Number 
R6520 __ 
Temperature Range (T, to Ty): 
Blank = 0°C to +70°C 
E = —40°C to + 85°C 


Package: 
C = Ceramic 
P = Plastic 


Frequency Range: 
No letter = 1 MHz 
A = 2 MHz 








FEATURES 


Direct replacement for MC6820 PIA 

Two 8-bit bidirectional /O ports with individual data direction 
control 

Automatic “‘Handshake’’ control of data transfers 

Two interrupts (one for each port) with program control 
Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

5 volt +5% supply requirements 
Compatible with the R6500, R6500/* and A65C00 family of 
microprocessors 


1 and 2 MHz versions 






oan OW OF WN 





Figure 1. R6520 Pin Configuration 
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R6520 | Peripheral Interface Adapter (PIA) 





FUNCTIONAL DESCRIPTION 


The R6520 PIA is organized into two independent sections Peripheral Interface buses. Data Bus Buffers (DBB) interface 
reterred to as the A Side and the B Side. Each section consists data from the two sections to the data bus, while the Data Input 
of a Control Register (CRA, CRB), Data Direction Register Register (DIR) interfaces data from the DBB to the PIA registers. 
(DDRA, ODRB), Output Register (ORA, OBR), Interrupt Status Chip Select and R/W control circuitry interiace to the processor 
Control (ISCA, ISCB), and the buffers necessary to drive the bus control lines. Figure 2 is a block diagram of the R6520 PIA. 
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CONTROL A (ISCA) CA2 
CONTROL 


DATA DIRECTION 
REGISTER A 





(CRA) 








a (DDRA) 
D2 ] 
D3 DATA BUS OUTPUT BUS: 
a eorren oe 
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OUTPUT PERIPHERAL PB2 . 
INTERFACE PB3 
REGISTER B 
(ORB) BUFFER B PB4 
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REGISTER B 
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Figure 2. R6520 PIA Block Diagram 
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DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the $2 clock pulse is 
latched into the Data Input Register (DIR). The data.is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the @2 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (CRA and CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB} and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7}: in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, |RQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the [RQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (ODRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an input; a “1” 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1) selects the various internal registers as shown in 
Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 
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PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (OBB) which appears on the 
Peripheral I/O port. If a tine on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B)}. This 
logic interprets the contents of the corresponding Controt Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (PA0-PA7, PBO-PB7) 


The Peripheral A and Peripheral B 1/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral /O lines can be programmed to act as 
an tnput or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A O in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 


The buffers which drive the Peripheral A I/O lines contain “pas- 
sive” pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
V/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Perjpheral B /O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 














CRB CB2 Control 





DDRB 
Access 


CB1 Control 
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The Peripheral B 1/O port buffers are push-pull devices l.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 


Another difference between the PAQ-PA7 tines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a “high” state or are above 
0.8 voits for a “low” state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 1 milliampere at 1.5 volts to directly drive the 
base of a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output cata is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers.. When the 
Peripheral B /O lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Butfers are 8-bit bidirectional buffers used for data 
exchange, on the DO-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a $2 clock fine, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus, 


The PIA interfaces to the peripheral devices with four interrupl/ 
control lines and two 8-bit bidirectional data buses. 





R650, ih 
R6500/" 

RS1 
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Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CSO, CS1, CS2) 


The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 


RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (02) 


The Phase 2 Clock Signal (#2) is the system clock that triggers 
all data transfers between the CPU and the PIA. @2 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (RSO, RS1) 


The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 
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Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DODAB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back inte the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 


Table 2. ORA and ORB Register Addressing 


Register Data Direction 
Select Lines Control Register Operation 
CRA | CRB res 
(Bit 2) | (Bit 2))} A/W=H 


Register 
Address 
(Hex) 


INTERRUPT REQUEST LINES (IRQA, IRQB) 


The active tow Interrupt Request lines (IRQA and IRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source.. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 


Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These fiags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signa! on the interrupt input (CA1, CA2, 
CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an active transition of the 
CA1 interrupt input signal. However, [ROA can be disabled by 
setting bit 0 in CRA to a O. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the GA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 





Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral 
Output Register A” operation. This is defined as an operation 
-in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3. 


Control of IRQB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IROQB from this flag is controlled 
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by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a ‘Read Peripheral 
B Output Register” operation. A summary of IRQB contro! is 
shown in Table 3. 


Table 3. IRQA and IRGB Control Summary 


| CRA-7=1 and CRA-O=1 , goes low (Active) 
CRB-7=1 and CRB-0=1 goes low (Active) 
CRB-6=1 and CRB-3=1 AGB goes low (Active) 


Note: 


= - IRQA 
. iRQB 
- IROB 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 





INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) _ : 


The four interrupt input/peripheral control lines provide a number 


_.of special peripheral control functions. These lines greatly 


enhance the power of the fwo general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 4 summarizes the operation of 
these control lines. 


CAT is an interrupt input only. An active transition of the signa! 
on this input will set bit 7 of the Control Register A to a logic 1. 
The active transition can be programmed by setting a “0” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 


on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low. to a high voltage. 


CA2 can act as a totally independent interrupt or as a peripheral 
contro! output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 


selected by bit 4 of CRA. 


These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A /O port. This mode 
is selected by setting CRA, bit 4 to a O and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 
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CONTROL REGISTER A (CRA) 


CA2 INPUT MODE (BIT 5 = 0) 
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IRQA1 {RQA2 CA2 INPUT IRQA2 IRQA ORA IRQA1 IRQA 
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE 
(=0) TRANSITION FOR IRGA2 TRANSITION FOR IRQA1 
IRQA/IRQA2 
CONTROL 


CA2 OUTPUT MODE (BIT 5 = 1) 





CA2 OUTPUT CA2 IRQA1 IRQA 
MODE SELECT OUTPUT RESTORE POSITIVE ENABLE 
(=1) CONTROL CONTROL TRANSITION FOR (RQA1 


IRQA1 FLAG 

A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 
Aor by RES. 

No transition has occurred on CA? that satisfies the bit 1 IRQAT transition polarity criteria. 


OUTPUT REGISTER A SELECT 
Select Output Register A. 
Select Data Direction Register A. 


IRQA1 POSITIVE TRANSITION 
Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1. 


IRQA ENABLE FOR IRQA1 
Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 





CA2 OUTPUT MODE (BIT 5 = 1) 


IRQA2 FLAG 

A transition has occurred on CA2 that satisfies the bit 4 
IRQA2 transition polarity criteria. This flag is cleared by 
a read of Output Register A or by RES. 

No transition has occurred on CA? that satisfies the bit 
4 IRQA2 transition polarity criteria. 


CA2 MODE SELECT 
Select CA2 Input Mode. 


IRQA2 POSITIVE TRANSITION 

Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 

Set IRQA2 Flag (bit 6) on a negative (high-to-low) 
transition of CA2. 


IRQA ENABLE FOR _IRQA2 

Enable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 

Disable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 





NOT USED 
Always zero. 


CA2 MODE SELECT 
Select CA2 Output Mode. 


CA2 OUTPUT CONTROL 

CA2 goes low when a zero is written into CRA bit 3. 
CA2 goes high when a one is written into CRA bit 3. 
CA2 goes low on the first negative (high-to-low) $2 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 


CA2 READ STROBE RESTORE CONTROL (4 = Q) 
CA? retums high on the next $2 clock negative - 
transition following a read of Output Register A. 

CA2 returns high on the next active CA1 transition 
following a read of Output Register A as specified by 
bit 1. 





Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 


CB2 INPUT MODE (BIT 5 = 0) 








IRQB1 IRQB2 
FLAG FLAG 


CB2 OUTPUT MODE (BIT 5 = 1) 


IRQB2 
POSITIVE 
TRANSITION 


CB2 INPUT 
MODE SELECT 


(=0) 





CB2 
OUTPUT 
CONTROL 


CB2 OUTPUT 
MODE SELECT 
{=1) 


CB2 
CONTROL 





IRQB1 FLAG 
B or by RES. 
OUTPUT REGISTER B SELECT 


t Select Output Register B. 
Select Data Direction Register B. 





IRQB1 POSITIVE TRANSITION 









IRQB2 FLAG ; : 

1 A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This flag is cleared by 
a read of Output Register B or by RES. 

0 No transition has occurred on CB2 that satisfies the bit 

4 IRQB2 transition polarity criteria. 









CB2 MODE SELECT 
Select CB2 Input Mode. 







IRQB2 POSITIVE TRANSITION 

1 Set |RQB2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 

0 Set IRQB2 Fiag (bit 6) on a negative (high-to-low) 
transition of CB2. 








IRQB ENABLE FOR IRQB2 

1 Enable assertion of IRQB when IRQB2 Flag (bit 6) is 
Set. : ; 

0 _ Disable assertion of IRQB when IRQB2 Flag (bit 6) is 

set. 






iRQB/IRQB2 
CONTROL 


1 A transition has occurred on CB? that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 


No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 


1 Set IRQ8B1 Fiag (bit 7) on a positive (low-to-high) transition of CB1. 

0 Set IRQB1 Fiag (bit 7) on a negative {high-to-low) transition of CB1. 
Bit 0 iRQB ENABLE FOR iRQB1 

1 Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 


0 Disable assertion of (RQB when !IRQB1 Flag (bit 7) is set. 


IRQBI1 IRQB 
POSITIVE ENABLE 


TRANSITION FOR !IRQB1 


IRQB/IRQB1 
CONTROL 


[IRQB 
ENABLE 
FOR IRQB2 


ORB 
SELECT 


CB2 IRQB 
RESTORE 


CONTROL 


‘ORB 
SELECT 


IRQB1 
POSITIVE ENABLE 
TRANSITION FOR IRQB1 


IRQB/IRQB1 
CONTROL 












CB2 OUTPUT MODE (BIT 5 = 1) 





NOT USED 
O = Always zero. © 















CB2 MODE SELECT 
1 Select. CB2 Output Mode. 


CB2 OUTPUT CONTROL 

1 CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 

0 CB2 goes low on the first negative (high-to-low) $2 

clock transition following a write to Output Register B. 

CB2 returns high as specified by bit 3. 


CB2 WRITE STROBE RESTORE CONTROL 

(BIT 4 = 0) 

1 CB2 returns high on the next $2 clock negative 
transition following a write to Output Register B. 

0 CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 

bit 1. 








Figure 4. Control Line Operations Summary (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake’’ between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a t. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 or CRA to a 1 or 
a 0 respectively. 


CB1 operates as an interrupt input only in the same manner as 

-CA1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the ‘handshaking’ operates on data transfers 
from the processor into the peripheral device. 


READING THE PERIPHERAL A I/O PORT 


Performing a Read operation with RS1 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 


RSO, AS1, 
cso, CS1, CS2 


PAO-PA7 
PB0-PB7 


CA2 
(PULSE OUT) 


CA2 
(HAND SHAKE) 
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transfers the data on the Peripheral A 1/0 lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it Is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is:true when the I/O pin is not allowed to go to a full 
+2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register Is a 1. 


READING THE PERIPHERAL B I/O PORT 


Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. 


a SOOO 
ratetatere 


O 
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Figure 5. Read Timing Waveforms 
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R6520 Peripheral Interface Adapter (PIA) 


@2 


RSO, RS1, 
CSo, CS1, CS2 


Do-D7 
DATA OUT 


Vee - 30% 


—— eee ee ee ee ee eee oe ee = oe = 


PAO-PAT SKIS 
PBO-PB? XW 


CB2 
(PULSE OUT) 


CBi 


CB2 
(HAND SHAKE) 





Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 








02 Cycle 
$2 Pulse Width 
$2 Rise and Fall Time 






READ TIMING 






Address Set-Up Time 
Address Hold Time 
Peripheral Data Set-Up Time 
Data Bus Delay Time 

Data Bus Hold Time 









WRITE TIMING 





Address Set-Up Time 
Address Hold Time 
R/W Set-Up Time 
R/W Hold Time 

Data Bus Set-Up Time 

Data Bus Hold Time 
Peripheral. Data Delay Time 
Peripheral Data Delay Time to 
CMOS Level, 















PERIPHERAL INTERFACE TIMING 








Peripheral Data Set-Up 
$2 Low to CA2 Low Delay 

$2 Low to CA2 High Delay 

CA1 Active to CA2 High Delay . 

$2 High to CB2 Low Delay 

Peripheral Data Valid to CB2 Low Delay 
92 High to CB2 High Delay 

CB1 Activa to. CB2 High Delay 

CA1, CA2, CB1 and CB2 
Input Rise and Fall Time 










BREBBEBEBZ 
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R6520 


ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbol 
Supply Voltage 


Input Voltage , 
Operating Temperature Range 


[Vatu [uni] 
o 


Commercial 
Industrial 





[Parameter | Symbol _| 
Supply Voltage 


Temperature Range 
Commercial 
Industrial 


0°C to 70°C 
- 40°C to +85°C 





DC CHARACTERISTICS 


(Veo = 5.0V +5%, Vsg = 0, Ta = T, to Ty, unless otherwise noted) 


Min. Typ.3 


Input Leakage Current as 
R/W, RES, ASO, RS1, CSO, CS1, CS2, 
CA1, CB1, 92 : 

Output Leakage Current for Three-State Off 
DO-D7, PBO-PB7, CB2 

Input High Current 
‘PAO-PA7, CA2 

Input Low Current 
PAO-PA7, CA2 


Output High Voltage 
Alt outputs 
PBO-PB7, CB2 (Darlington Drive) 


bn 
8 


Peripheral Interface Adapter (PIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions abeve 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


' ‘Test ‘Conditions 
a een) 
i ca 


7 


Vin = OV to 5.25V 
Voc = OV 


H | + 
mo 
in| @ 


H 
as 
o 


Viy = 0.4V to 2.4V 
Voc = 5.25V 


Vec = 4.75V 


loan = — 100A 
lLoap = -1.0 mA 


Output Low Voltage Voi +0.4 Vv Voc = 4.75V 
ILoaD = 1.6 mA 


Output High Current (Sourcing) 
Logic 
P6O0-PB7, CB2 (Darlington Drive) 


Output Low Current (Sinking) 


Output Leakage Current (Off State): 
IRQA, IRQB 


Power Dissipation. 





Input Capacitance ; 
DO-D7, PAO-PA7, PBO-PB7, CA2, CB2 
RW, RES, ASO, RS1, CSO, CS1, CS2 
CA1, CB1, 92 








Notes: 
-1. All units are direct current (dc) except for capacitance. 


2. Negative sign indicates outward current flow, positive indicates Inward flow. 


3. Typical values are shown for Vog = 5.0V and T, = 25°C. 
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Peripheral Interface Adapter (PIA) 


R6520 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS] ‘INCHES | 
| MIN, | MAX | MIN | MAX | 


SEATING PLANE / - 


' 40-PIN PLASTIC DIP 


a“ 
4 
E 
w 
= 
—_ 
a 
= 


AREA ERAE 
3]5/9|9|=|a/ 215 
9/aJ]olo}o]a]” jo 
S : 
3] O}2| ola 3 
ca a So rf 
O| Ofo] S] Ss] -]opn 
ajo 3 
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ON 


R6522 


R6522 


VERSATILE INTERFACE 


ADAPTER (VIA) 





Rockwell 


DESCRIPTION 


The R6522 Versatile Interface Adapter (VIA) is a very flexible /O 
control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, a serial-to-parallel/parallel-to 
serial shift register and input data latching on the peripheral 
ports. Expanded handshaking capability allows control of 
bidirectional data transfers between VIA's in multiple processor 
systems. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each line can be programmed as either 
an input or an output. Several peripherat I/O lines can be 
controlled directly from the interval timers for generating 
programmable frequency square waves or for counting exter- 
nally generated pulses. To facilitate control of the many powerful 
features of this chip, an interrupt flag register, an interrupt enable 
register and a pair of function contro! registers are provided. 


ORDERING INFORMATION 


Part Number: 
R6522 


Temperature Range 
Blank = 40°C to +70°C 
E = 40°C to +85°C 


Package 
Cc = 
P= 


Ceramic 
Plastic 


Frequency 
No Letter = + MHz 


2 MHz 


Document No. 29000D47 
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FEATURES 


@ Two 8-bit bidirectional I/O ports 

© Two 16-bit programmable timer/counters 
Serial data port 

TTL compatible 

CMOS compatible peripheral control lines 


Expanded “handshake” capability allows positive control of 
data transfers between processor and peripheral devices. 


Latched output and input registers 
1 MHz and 2 MHz operation 
Single +5V power supply 






omnaoaunawh — 





R6S22 Pin Configuration 


Data Sheet Order No. D47 
Rev. 7, February 1984 





R6522 


INTERFACE SIGNALS 
RESET (RES) 


Alow reset (RES) input clears all R6522 internal registers to logic 
0 (except T1 and T2 latches and counters and the Shift Register). 
This places all peripheral interface lines in the input state, disa- 
bles the timers, shift register, etc. and disables interrupting from 
the chip. 


INPUT CLOCK (PHASE 2) 


The input clock is the system $2 clock and triggers all data 
transfers between processor bus and the R6522. 


READ/WRITE (R/W) 


The direction of the data transfers between the A6522 and the 
system processor is controlled by the RW line in conjunction with 
the CS1 and C82 inputs. When R/Wis low, (write operation) and 
the R6522 is selected), datais transferred from the processor bus 
into the selected R6522 register. When R/Wis high, (read opera- 
tion) and the A6522 is selected, data is transferred from the 
selected R6522 register to the processor bus. 


DATA BUS (D0-D7) 


The eight bidirectional data bus lines transfer data between the 
R6522 and the system processor bus. During read cycles, the 
contents of the selected R6522 register are placed on the data 
bus lines. During write cycles, these lines are high-impedance 
inputs and data is transferred from the processor bus into the 
selected register. When the R6522 is not selected, the data bus 
lines are high-impedance. 


R6500 
MICROPROCESSOR 


BUS CS1, C52 
INTERFACE 


RSO-RS3 
RES 


iRQ 





Versatile Interface Adapter (VIA) 


CHIP SELECTS (CS1, CS2) 


The two chip select inputs are normally connected to processor 
address fines either directly or through decoding. The selected 
R6522 register is accessed when CS1 is high and C52 is low. 


REGISTER SELECTS (RSO-RS3) 


The coding of the four Register Select inputs select one of the 16 
internal registers of the R6522, as shown in Table 1. 


INTERRUPT REQUEST (IRQ) 


The Interrupt Request output goes low whenever an internal 
interrupt flag is set and the corresponding interrupt enable bit is a 
logic 1. This output is open-drain to allow the interrupt request 
signal to be wire-OR’ed with other equivalent signals in the 
system. , 


PERIPHERAL PORT A (PA0O-PA7) 


Port A consists of eight lines which can be individuallly pro- 
grammed to act as inputs or outputs under control of Data Direc- 


tion Register A. The polarity of output pins is controlled by an 


Output Register and input data may be latched into an internal 
register under control of the CA‘ line. All of these modes of oper- 
ation are controlled by the system processor through the internal 
control registers. These lines represent one standard TTL load in 
the input mode and will drive one standard TTL load in the output 
mode. Figure 2 illustrates the output circuit. 


PERIPHERAL 
INTERFACE 


Figure 1. R6522 VIA Interface Signals 








R6522 


PORT A CONTROL LINES (CA1, CA2) 


The two Port A control lines act as interrupt inputs or as hand- 
shake outputs. Each line controls an internal interrupt flag with a 
corresponding interrupt enable bit. In addition, CA1 controls the 
latching of data on Port A input lines. CA1 is a high-impedance 
input only while CA2 represents one standard TTL load in the 
input mode. CA2 will drive one standard TTL load in the output 
mode. ~ 


PORT B (PBO-PB7) 

Peripheral Port B consists of eight bidirectional lines which are 
controlled by an output register and a data direction register in 
much the same manner as the Port A. In addition, the polarity of 
the PB7 output signal can be controlled by one of the interval tim- 
ers while the second timer can be programmed to count pulses 
on the PB6 pin. Port B lines represent one standard TTL load in 


Versatile Interface Adapter (VIA) 


the input mode and will drive one standard TTL load in the output 
mode. In addition, they are capable of sourcing 1.0 mA at 1.5 Vde 
in the output mode to allow the outputs to directly drive Darlington 
transistor circuits. Figure 3 is the circuit schematic. 


PORT B CONTROL LINES (CB1, CB2) 


The Port B control lines act as interrupt inputs or as handshake 
outputs. As with CA1 and CA2, each line controls an interrupt 
flag with a corresponding interrupt enable bit. In addition, these 
lines act as a serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input mode and 
will drive one standard TTL {oad in the output mode. CB2 can 
also drive a Darlington transistor circuit; however, CB1 cannot. 


Table 1. R6522 Register Addressing 





Register RS Coding. 
Number [ASS_[ ASZ_[ RST | RSO_ | 








PAO-PA7, 
CA2 







VO CONTROL 
OUTPUT DATA 















INPUT DATA 


Figure 2. Port A Output Circuit 






Register/Description 


ORB/IRB 
“ORA/IRA 


. Write (R/W = L) Read(AW =H) 
Output Register B Input Register B 
Output Register A Input Register A 


Data Direction Register B 
Data Direction Register A 


T1 Low-Order Latches T1 Low-Order Counter 


Tt High-Order Counter 


TIC-L 


1 T1C-H 


T1 Low-Order Latches ; 
Ti High-Order Latches 
T2 Low-Order Latches T2 Low-Order Counter 


T2C-L 
T2C-H T2 High-Order Counter 
Shift Register 

Auxiliary Control Register 
Peripheral Control Register 
Interrupt Flag Register 


Interrupt Enable Register 


ORAIRA | Output Register B* Input Register B* 
NOTE: ‘Same as Register 1 except no handshake. 


















INPUT 
OUTPUT 
CONTROL 


PBO-PB7, 


CB1i, CB2 


Figure 3. Port B Output Circuit 


R6522 


FUNCTIONAL DESCRIPTION 


The internal organization of the R6522 VIA is illustrated in Figure 
4. 


PORT A AND PORT B OPERATION 


The R6522 VIA has two 8-bit bidirectional I/O ports (Port A and 
Port B) and each port has two associated control lines. 


Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A 0 in a bit of the Data Direction Register 
causes tite corresponding peripheral pin to act as an input. A 1 
causes the pin to act as an output. 


Each peripheral pin is also controlled by a bit in the Output Regis- 
ter (ORA, ORB) and the [nput Register (IRA, IRB). When the pin is 
programmed as an output, the voltage on the pin is controlled by 
the corresponding bit of the Output Register. A 1 in the Output 
Register causes the output to go high, and a “0” causes the out- 
putto go low. Data may be written into Output Register bits corre- 
sponding to pins which are programmed as inputs. In this case, 
however, the output signal is unaffected. 


Versatile Interface Adapter (VIA) 


Reading a peripheral port causes the contents of the input Regis- 
ter (IRA, IRB) to be transferred onto the Data Bus. With input 
latching disabled, IRA will always reflect the levels on the PA 
pins, With input latching enabled, IRA will reflect the levels on the 
PA pins at the time the latching occurred (via CA‘). 


The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When 
reading IRA, the /evel on the pin determines whether a 0 or a 1 is 
sensed. When reading IRB, however, the bit stored in the output 
register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output 1” down or which 
pull an output “0” up, reading IRA may result in reading a ‘‘0” 
when a “1” was actually programmed, and reading a ‘'1"” when 
a “'O"’ was programmed. Reading IRB, on the other hand, will 
read the ‘'1” or “0” level actually programmed, no matter what 
the loading on the pin. 


Figures 5 through 8 illustrate the formats of the port registers. 
In addition, the input tatching modes are selected by the Auxiliary 
Control Register (Figure 14). 





INTERRUPT 
CONTROL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


LATCH 
(T1L-H) 


+ 


LATCH 
(T1L-L) 


COUNTER COUNTER 





(T1C-H) | (T1C-L) 
TIMER 1 
TIMER 2 









’ COUNTER | COUNTER 
(T2C-H) | (T2C-L) 











BUFFERS 
PA) <> PORTA 
DATA DIR j 
(DDRA) 











- CAI 
—~ CA2 
HANDSHAKE 
CONTROL 
SHIFT REG cB 
(SR) CB2 


PORT B REGISTERS 


Cie K___ > PORT B 
DATA DIR 
(DDRE) 








Figure 4. R6522 VIA Block Diagram 
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R6522 


Versatile Interface Adapter (VIA) 





HANDSHAKE CONTROL OF DATA TRANSFERS 


The R6522 allows positive control of data transfers between the 
system processor and peripheral devices through the operation 
of “handshake” lines. Port A lines (CA1, CA2) handshake data 
on both a read and a write operation while the Port B lines (CB1, 
CB2) handshake on a write operation only. 


Read Handshake 


Positive control of data transfers from peripheral devices into the 
system procassor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must gen- 
erate the equivalent of a “Data Ready” signal to the processor 
signifying that valid data is present on the peripheral port. This 
signal normally interrupts the processor, which then reads the 


REG 0—ORB/ARB 


OUTPUT REGISTER 
"“B” (ORB) OR 
INPUT REGISTER 
“3” (IRB) 


MPU WRITES OUTPUT LEVEL | MPU READS OUTPUT REGISTER 

(ORB) GIT IN ORB. PIN LEVEL HAS NO 
AFFECT 

MPU WRITES INTO ORB, BUT | MPU READS INPUT LEVEL ON PB 
PIN 


NO EFFECT ON PIN LEVEL, 
UNTIL DDR CHANGED 
MPU READS |RB BIT. WHICHIS THE 


PA? 


: PIN 
DATA DIRECTION 
SELECTION 
DDAB = “t" (OUTPLIT) 


DDRB = “0° (INPUT) 
(INPUT LATCHING DIGABLED) 


LEVEL OF THE PG PIN AT THE TIME 
OF THE LAST CB4 ACTIVE 
‘TRANSITION 


ODAB = “0” (INPUT) 
(INPUT LATCHING ENABLED) 


Figure 5. Output Register B (ORB), Input Register B (IRB) 







REG 2—DDRB 


PBI 
eres Pp4a/PAa 
PaS/PAS 


PRE/PASB 










DATA DIRECTION 
REGISTER “B’ (DDRB) 


PB7/PAZ 


“0” ASSOCIATED PB PIN IS AN INPUT 
(HIGH IMPEDANCE) 

“1” ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL I$ DETERMINED BY 

ORB REGISTER BIT 





Figure 7. Data Direction Register B (DDRB) 
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data, causing generation of a “Data Taken” signal. The periph- 
eral device responds by making new data available. This process 
continues until the data transfer is complete. 


In the R6522, automatic “Read” Handshaking is possible on the 
Peripheral A port only. The CA1 interrupt input pin accepts the 
“Data Ready” signal and CA2 generates the “Data Taken” sig- 
nal. The “Data Ready” signal will set an internal flag which may 
Interrupt the processor or which may be polled under program 
control. The “Data Taken” signal can either be a pulse or a level 
which is set low by the system processor and is cleared by the 
“Data Ready” signal. These options are shown in Figure 9 which 
illustrates the normal Read Handshake sequence. 


REG 1—ORA/IRA 


OUTPUT REGISTER 
“A” (ORA) OR 
INPUT REGISTER 
"A" (IRA) 


pis = 
MPU WRITES OUTPUT LEVEL | MPU READS LEVEL ON PA PIN 
(ORA) 


MPU AEADS IRA BIT WHICH IS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION : 


MPU WRITES INTO ORA, BUT | MPU READS LEVEL ON PA PIN 
NO EFFECT ON PIN LEVEL, 
UNTIL ODRA CHANGED * 


MPU READS IRABIT, WHICH IS THE 
LEVEL OF THE PAPIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


PIN 
DATA DIRECTION 
SELECTION 


DORA = “1" (OUTPUT) 
(INPUT LATCHING DISABLE! 


Ol D) 
DORA = "1" (OUTPUT) 
(INPUT LATCHING ENABLED) 


DORA = “0" (INPUT) 
(INPUT LATCHING DISABLED) 


DDRA = “07 (INPUT) 
(INPUT LATCHING ENABLED) 





Figure 6. Output Register A (ORA), Input Register A (IRA) 






REG3—DDRA 






iE 


0" ASSOCIATED PA PIN IS AN INPUT 
(HIGH IMPEDANCE) 

“1" ASSOCIATED PA PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 

ORA REGISTER BIT 


= 


DATA DIRECTION 
REGISTER “A” (DDRA) 











Figure 8. Data Direction Register A (DDRAQ) 





R6522_ 


Versatile Interface Adapter (VIA) 


2 LL LL, Sn 
DATA READY era NE (5/074 
(CA1) 


1RQ OUTPUT 


READ IRA OPERATION 


“DATA TAKEN” 
HANDSHAKE MODE 
(CA2) - 


“DATA TAKEN” — 


| = 


PULSE MODE 
(CA2) 





Figure 9. Read Handshake Timing (Port A, Only) 


Write Handshake 


The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to that 
described for Read Handshaking. However, for Write Handshak- 
ing, the R6522 generates the “Data Ready” signal and the 
peripheral device must respond with the “Data Taken” signal. 
This can be accomplished on both the PA port and the PB port on 
the R6522. CA2 or CB2 act as a “Data Ready” output in either 
the handshake mode or pulse mode and CA1 or CB1 accept the 
“Data Taken’’ signal from the peripheral device, setting the inter- 
rupt flag and clearing the ‘Data Ready” output. This sequence 
is shown in. Figure 10. 


Selection of operating modes for CA1, CA2, CB1, and CB2 is 
accomplished by the Peripheral Control Register (Figure 11). 


WRITE ORA, ORB 
OPERATION 


“DATA READY" 


, CB2) 
DATA READY —_—j _ -- 
PULSE MODE 


(CA1, CB1) 


Peultinics output 





REG 12—PERIPHERAL CONTROL REGISTER 








CB2 CONTROL ao | 


D[e[s[orenation sid 
foto lo linruT NEGATIVE ACTIVE EDGE] 


a INDEPENDENT INTERRUPT 
INPUT-NEG EDGE 
[o[1 [O[INPUT-POSITIVE ACTIVE EDGE 
ery] INDEPENDENT INTERRUPT 
INPUT-POS EOGE 


| 1 [0 [0 [HANOSHAKE OUTPUT 
[sfofi[Puiseourput 
y[ifofcowoureur 


CA1 INTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
-1 = POSITIVE ACTIVE EOGE 
C42 CONTROL 


3{zfiJorerarion 


[00/0] INPUT-NEGATIVE ACTIVE EDGE 
INDEPENDENT (NTERAUPT 
INPUT NEG EOGE 


INPUT-POSITIVE ACTIVE EOGE 
INDEPENDENT INTERRUPT 
INPUT-POS EDGE 



















lo [0 | HANOSHAKE OUTPUT 


rfo[ifeucseourrot 


LOW OUTPUT 
HIGH OUTPUT 


CB1 INTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


Figure 11. Peripheral Control Register (PCA) 








e SUIT TTT TF 


IRQ OUTPUT . 2 





Figure 10. Write Handshake Timing 
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R6522 


Versatile Interface Adapter (VIA) 





COUNTER/TIMERS 


There are two Independent 16-bit counter/timers (called Timer 4 
and Timer 2) In the R6522. Each timer Is controlled by writing bits 
Into the Auxillary Control Register (ACR) to select the mode of 
operation (Figure 14), 


Timer 1 Operation: - 


Interval Timer T1 consists of two 8-bit latches (Figure 12) and a 
16-bit counter (Figure 13). The latches store data which is.to be 
loaded Into the counter. After loading, the counter decrements 
at $2 clock rate. Upon reaching zero, an interrupt flag is set, and 
IRQ goes low if the T1 interrupt is enabled. Timer 1 then disables 
anv further interrupts. or automatically transfers the contents of 


REG 6—TIMER 1 LOW-ORDER LATCH 





WRITE - 8 BITS LOADED INTO v1 LOW-ORDER 
LATCHES. THIS OPERATION IS NO 
DIFFERENT THAN A WAITE iNTO 
REG 4. 


READ - 6 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MPU. UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
AESET OF T1 INTERRUPT FLAG 





the latches into the counter and continues to decrement. In ad- 
dition, the timer may be programmed to invert the output signal 
on a peripheral pin (PB7) each time it “‘times-out”’. Each of these 
modes is discussed separately below. 


Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half. of the counter is loaded auto- 
matically fram the low order latch (T1L-L) when the processor 
writes into the high order counter.(T1C-H)..In fact, it may not be 
necessary to write to the low order countér.in‘some applications 
since the timing operation is triggered by writing to the.high order 
latch. 


REG 7—TIMER 1 HIGH-ORDER LATCH - ~ 


BOGHaano 








WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE AEG 4 OPERATION 
, NO LATCH-TO-COUNTER TRANSFERS: 

TAKE PLACE. 


READ - 8 SITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU. 





Figure 12. Timer 1 (T1) Latch Registers 


REG 4—TIMER 1 LOW-ORDER COUNTER 








WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. LATCH CONTENTS ARE 
TAANSFERRED INTO LOW-ORDER 
COUNTER-AT THE TIME THE HIGH- 
ORDER COUNTER !§ LOADED (REG 5). 


READ -8 BITS FROM T1 LOW-ORDEA COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERAUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER). 


REG 5—TIMER 1 HIGH-ORDER COUNTER 


COUNT 
VALUE 





8192 
16384) 
32768 


WRITE - 8 BITS LODEO INTO 71 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH- AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 COUNTER. 
T1 INTERRUPT FLAG. ALSO IS RESET. 
READ - 8 IBTS FROM T1 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 





Figure 13. Timer 1 (T1) Counter Registers 
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R6522 


REG 11—AUXILIARY CONTROL REGISTER 


T1 TIMER ee eee a 


[7[s[orenation [a7 
TIMED INTERRUPT | 
EACH TIME T1 IS 
LOADED 
CONTINUOUS 

| lierennurre | 
TIMED INTERRUPT | ONE-SHOT 

Hl EACH TIME T11S OUTPUT 
LOADED 


| CONTINUOUS . | SQUARE 
(INTERRUPTS 


WAVE 
12 TIMER CONTROL 


OUTPUT 
i 5| OPERATION. : 
[Oo] TIMED INTERRUPT 


COUNT DOWN WITH 
PULSES ON PB6 


DISABLED 


Versatile Interface Adapter (VIA) 








PA LATCH ENABLE/DISABLE 


PB 0= DISABLE: : 
1= ENABLE LATCHING 


SHIFT REGISTER CONTROL 


[a[al2lorenation, CSC*d 
folofo[pisasLeD SCS 


Foto] 1] SHIFT IN UNDER CONTROL OF T2 
[o| 1 |] SHIFT IN UNDER CONTROL OF (2 
fo] 1/1] SHIFT IN UNDER CONTROL OF EXT, CLK 
1 [0] 0| SHIFT OUT FREE-RUNNING AT T2 RATE 


rt [0][1| SHIFT OUT UNDER CONTROL OF T2 
+ [To [SHIFT OUT UNDER CONTROL OF 62 
non SHIFT OUT UNDEA CONTROL OF EXT. CLK. : 








‘Figure 14. Auxiliary Control Register (ACR) 


Timer 1 One-Shot Mode 


The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the “write T1C-H” operation and generation of the pro- 
cessor interrupt is a direct function of the data loaded into the tim- 
. Ing counter. In addition to generating a single.interrupt, Timer 4 
can be programmed to produce a single negative pulse on the 
PB7 periphral pin. With the output enabled (ACR7=1) a “write 
T1C-H” operation will cause PB7 to go low. PB7 will return high 
when Timer 1 times out. The result is a single programmable 
width pulse. 


T1 interrupt flag will be set, the [RQ pin will go low (interrupt ena- 
bled), and the signal on PB7 will go high. At this time the counter 
will continue to decrement at system clock rate. This allows the 
system processor to read the contents of the counter to deter- 
mine the time since interrupt. However, the Tt interrupt flag can- 
not be set. again unless it has been cleared as described in this 
specification. 


N | Nt | es | Na | 


Timing for the R6522 interval timer one-shot modes is shown in 
Figure 15. 


In the one-shot moda, writing into the TtL-H has no effect on the 
operation of Timer 1. However, it willbe necessary to assure that 
the low order latch contains the proper data before initiating the 
count-down with a “write T1C-H” operation. When the processor 
writes into the high order counter (T1C-H), the T1 interrupt flag 
will be cleared, the contents of the low order latch will be 
transferred into the low order counter, and the timer will begin to 
decrement at system clock rate. if the PB7 output is enabled, this 
signal will go low on the $2 following the write operation. 
When the counter reaches zero, the T1 interrupt flag will be set, 
the IRQ pin will go low (interrupt enabled), and the signal on PB7 
will go high. At this time the counter will continue to decrement at 
system clock rate. This allows the system processor to read the 
contents of the counter to determine the time since interrupt. 
However, the T1 interrupt flag cannot be set again unless it has 
been cleared as described in this specification. 





N + 1.5 CYCLES — 


Figure 15. Timer 1 One-Shot Mode Timing. 
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Timer 1 Free-Run Mode counter will always re-initialize the time-out period. In fact, the 
time-out can be prevented completely If the processor continues 
to rewrite the timer before it reaches zero. Timer 1 will operate in 
this manner if the processor writes into the high order counter 
(T1C-H). However, by loading the latches only, the processor can 
access the timer during each down-counting operation without 
affecting the time-out in process. Instead, the data loaded into 
the latches will determine the length of the next time-out period. 
This capability.is particularly valuable in the free-running mode 
with the output enabled. In this mode, the signal on PB7 is 
inverted and the interrupt flag is set with each time-out. By 
responding to the interrupts with new data for the latches, the 

. processor can.determine the period of the next half cycle during 
each half cycle of the output signal on PB7. In this manner, very 


The most important advantage associated with the latches in T1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 
whose frequency is not affected by variations in the processor 
interrupt response time. This is accomplished in the ‘“‘free- 
running” mode. 


In the free-running mode, the interrupt flag.is set and the signal 
on PB7 Is inverted each time the counter reaches zero. However, 
instead of continuing to decrement from zero after a time-out, the 
timer automatically transfers the contents of the latch into the 
counter (16 bits) and continues to ‘decrement from there. The 


interrupt flag can be cleared by writing T1C-H, by reading T1C-L, complex waveforms can be generated. 

or by writing directly into the flag as described later: However, itis A precaution to take in the use of PB7 as the timer output con- 

not necessary to rewrite the timer to enable setting the interrupt cers the Data Direction Register contents for PB7. Both DDRB 

flag on the next time-out. bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer out- 
put. If one is 1 and the other is 0, then PB7 functions as a normal 

All interval timers in the R6522 are “re-triggerable”. Rewriting the output pin, controlled by ORB bit 7. 







WRITE T1C-H 
OPERATION 


IRQ OUTPUT 


PB7 OUTPUT ~ L : re ee oe 
|. + 1.5 CYCLES ——+|+____- +2 cyctes ————+ 












Figure 16. Timer 1 Free-Run Mode Timing 


Timer 2 Operation decrementing again through zero. The processor must rewrite 

T2C-H to enable setting of the interrupt flag. The interrupt flag 
Timer 2 operates as an interval timer (in the “one-slot’” mode is cleared by reading T2C-L or by writing T2C-H. Timing for this 
only), or as a counter for counting negative pulses on the PB6 operation is shown in Figure 18.. 


peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer is comprised of a 
“write-only” lower-order latch (T2L-L), a “read-only” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). 


Timer 2 Pulse Counting Mode 


‘The counter registers act as a 16-bit counter which decrements In the pulse counting mode, T2 counts a predetermined number 

at 92 rate. Figure 17 illustrates the T2 Latch/Counter Registers. of negative-going pulses on PB6. This is accomplished by first 

loading a number into T2. Writing into T2C-H clears the interrupt 

Timer 2 One-Shot Mode flag and allows the counter to decrement each time a pulse is 

applied to PB6. The interrupt flag is set when T2 counts down 

As an interval timer, T2 operates in the ‘‘one-shot’’ mode similar past Zero, The counter will then continue to decrement with each 

to Time 1. In this mode, T2 provides a single interrupt for each pulse on PB6. However, it is necessary to rewrite T2C-H to allow 

“write T2C-H" operation. After timing out,:the counter will con- the interrupt flag to set on a subsequent time-out. Timing for 

tinue to decrement. However, setting of the interrupt flag is this mode is shown in Figure 19. The pulse must be low on the 
disabled after initial time-out so that it will not be set by the counter ‘leading edge of 2. 
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER 


BEBEBGRE EOEO8oho 


256 
$12 
1024 
2048 
4096 





9192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T2 LOW.ORDEA WRITE — 8 BITS LOADED INTO T? ttiGH-ORDEA 
LATCH COUNTER. ALSO, LOW ORDER LATCH 
READ -— 8 BITS FAOM T2 LOW-ORDER COUNTER TRANSFEAARED TO LOW-ORDER 
TRANSFERRED TO MPU. T2 INTERAUPT COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET. FLAG tS RESET. 
6 BITS FROM T2 HIGH-OROER COUNTER 
TRANSFERRED TO MPU. 





Figure 17. Timer 2 (T2) Latch/Counter Registers 


WRITE T2C-H | | ; 


IAQ OUTPUT 


N | Na | N2 | wo | | o [w! | wa | me | ms | 


N + 1.5 CYCLES ee 


Figure 186. Timer 2 One-Shot Mode Timing 





WRITE T2C-H 
OPERATION 


eo TTT aeereeeeeeeeemee] © eee © came cae C peace fl oe 


IRQ OUTPUT 





Figure 19. Timer 2 Pulse Counting Mode 
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SHIFT REGISTER OPERATION 


The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 counter. 
Shift pulses can be applied to the CB1 pin from an external 
source or, with the proper mode selection, shift pulses generated 
internally will appear on the CB1 pin for controlling external 
devices. 


The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 


SR Mode 0 — Disabled 


Mode 0 disables the Shift Register. In this mode the micropro- 
cessor can write or read the SR and the SR will shifton each CB1 
positive edge shifting in the value on CB2. In this mode the SR 
interrupt Flag is disabled (held to a logic 0). 


SR Mode 1 — Shift In Under Control of T2 


In mode 1, the shitting rate is controlled by the low order 8 bits of 
T2 (Figure 22), Shift pulses are generated on the CB1 pin.ta con- 
trol shifting in external devices. The time between transitions of 
this output clock is a function of the system clock period and the 
contents of the low order T2 latch (N). 


“REG 10—SHIFT REGISTER 





SHIFT 
REGISTER 
BITS. 


NOTES: 

1. WHEN SHIFTING OUT. BIT 7 !S THE FIRST BIT 
OUT ANO SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT O. 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
GIF 0 AND ARE SHIFTED TOWARDS BiT 7. 


Figure 20. Shift Registers 


o2 


WRITE OR READ 
SHIFT REG . 
N + 2. CYCLES N+2 


LES 


SHIFT CLOCK 





The shifting operation is triggered by the read or write of the SR 


if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. Data 
is shifted first into the low order bit of SR and is then shifted into 
the next higher order bit of the shift register on the negative-going 
edge of each clock pulse. The input data should change before 
the positive-going edge of the CB1 clock pulse. This data is shifted 
into the shift register during the $2 clock cycle following the 
positive-going edge of the CB1 clock pulse. After 8 CB1 clock 
pulses, the shift register interrupt flag will set and [RQ will go low. 


SR Mode 2 — Shift In Under 62 Control 


In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates as 
an independent interval timer and has no effect on SA. The shift- 
ing operation is triggered by reading or writing the Shift Register. 
Data is shifted, first into bit 0 and is then shifted into the next 
higher order bit of the shift register on the trailing edge of each 62 
clock pulse. After 8 clock pulses, the shift register interrupt flag 
will be set, and the output clock pulses on CB1 will stop. 


REG 11—AUXILIARY CONTROL REGISTER 


a | 


L SHIFT REGISTER 
MODE CONTROL 


Tals [2] cremation ——SSSC~SSY 
Polojol oisasLeD Cid 
polotr{ SHIFTINUNDERCONTROLOFT2 | 
Potato] SHiFTINUNDERCONTROLOF 12 | 
Pols] 1] swier iw UNDER CONTROL OF EXT CLK | 
}+{OTO| sriFT OUT FREE-RUNNING ATT2RATE | 
rrTo[ 1] sHifT Our UNDER CONTROL OF T2 
[r+ To| Swit our uwoeR CONTROL OF ty 
[T+] [SHIFT our UNDER CONTROL OF EXTCLK | 


Figure 21. Shift Register Modes 





ore ies LULA. RK 3_ KUL, careeainan a 





Figure 22. SR Mode 1 — Shift In Under T2 Control 
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SR Mode 3 — Shift in Under CB1 Control 


In mode 3, external pin CB1 becomes an input (Figure 24). This 
allows an extemal device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 8 
bits have been shifted in. However, the shift register counter 
does not stop the shifting operation; it acts simply as a pulse 
counter. Reading or writing the Shift Register resets the Interrupt 
Flag and initializes the SA counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle fol- 
lowing the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle follow- 
ing CB1 going high. 


SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
Mode 4 is very similar to mode 5 in which the shifting rate is set by 


READ SR 


CB1 OUTPUT 
SHIFT CLOCK 


CB2 INPUT 
DATA 


T2. However, in mode 4 the SR Counter does not stop the shifting 
operation (Figure 25). Since the Shift Register bit 7 (SR7) is 
recirculated back into bit 0, the 8 bits loaded into the shift register 
will be clocked onto CB2 repetitively. In this mode the shift regis- 
ter counter is disabled. 


SR Mode 5 — Shift Out Under T2 Control 


.In mode §, the shift rate is controlled by T2 (as in mode 4). The 


shifting operation is triggered by the read or write of the SR if the 
SR flag is set in the !FR (Figure 26). Otherwise the first shift will 
occur at the next time-out of T2 after a read or write of the SR. 
However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 
external devices. After the 6 shift pulses, the shifting is disabled, 
the SR Interrupt Flag is set and CB2 remains at the last data 
levet. 





Figure 23. SR Mode 2 — Shift in Center 42 Control 


$2 


CB1 OUTPUT 4 2 
SHIFT CLOCK 


4 8 


Cet WLLL + EX 2 XK =_ X=] LK &_ XE 
| 


a Re 





Figure 24. SA Mode 3 — Shift In Under CB1 Control 


WRITE SR 


N + 2 CYCLES 
CB1 OUTPUT 


SHIFT CLOCK 1 2 








eee eA GD GD GED GE 3/0 GED, GE. 







Figure 25. SR Mode 4 — Shift Our Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under ¢2 Control 


In mode 6, the shift rate is controlled by the $2 system clock (Fig- 
ure 27). 


SR Mode 7 — Shift Out Under CB1 Control 


In mode 7, shifting is controlled by pulses applied to the CB1 pin 
by an external device (Figure 28). The SR counter sets the SR 


WRITE SR : 
N + 2 CYCLES 


CB1 OUTPUT 
SHIFT CLOCK 


IRQ 


+2 CYCLES 
| 


cB2 OUTPUT TY NII GE GHEY SD GT (Sea 





Interrupt Flag each time it counts 8 pulses but it does not disable 

the shifting function. Each time the microprocessor, writes or 

reads the shift register, the SR Interrupt Flag is reset and the SR. 
counter is initialized to begin counting the next 8 shift pulses on 

pin CB1. After 8 shift pulses, the Interrupt Flag is set. The 

microprocessor can then load the shift register with the next byte 

of data. 





Figure 26. SR Mode 5 — Shift Out Under T2 Control | 





WRITE SA 


CB1 OUTPUT 
SHIFT CLOCK 





CB2 OUTPUT TOO SE ND SED GD G/T 


_——— 








Figure 27. SR Mode 6 — Shift Out Under ¢2 Control 


WRITE SR 


CBI INPUT 7 1 er ee 
SHIFT CLOCK . 


conor 





Figure 28. SR Mode 7 — Shift Out Under CB1 Control 
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Interrupt Operation 


Controlling interrupts within the R6522 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupt exists 
within the chip. Interrupt flags are set in the Interrupt Flag Regis- 
ter (IF) by conditions detected within the R6522 or on inputs to 
the A6522. These flags normally remain set until the interrupt 
has been serviced. To determine the source of an interrupt, the 
microprocessor must examine these flags in order, from highest 
to lowest priority. 


Associated with each Interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (IER). This can.be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding interrupt 
enable bit is set to a 1, the Interrupt Request Output (IRQ) will 
go low. IRQ is an “open-collector’’ output which can be ‘“‘wire- 
OR’ed” with other devices in the system to interrupt the processor. 


Interrupt Flag Register (IFR) 


In the R6522, all the interrupt flags are contained in one register, 
i.e., the IFR (Figure 29)..In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within a system 
to locate. the source of an interrupt. 


The Interrupt Flag Register (IRF) may be read directly by the proc- 
essor. In. addition, individual flag bits may be cleared by writing 
a ‘'1” into the appropriate bit of the IFR. When the proper chip 
select and register signals are appplied to the chip, the contents 
of this register are placed on the data bus. Bit 7 indicates the 








REG 13—INTERRUPT FLAG REGISTER 





SET BY CLEARED BY 


CAZ ACTIVE EDGE READ OR WRITE 
; | REG 1 (ORA)* 
: __| REG 1 {ORA) 
COMPLETE 8 SHIFTS | READ OR WRITE 
SHIFT REG 


C82 ACTIVE EDGE REAO.OR WAITE ORB? 
Cai ACTIVE EDGE READ OR WRITE ORB 


! TIME-OUT OF.T2 READ T2 LOW OR 
: Ss WRITE T2 HIGH : 
TIME-OUT OF T1 READ Tt LOW OR 
: WRITE T1 HIGH : 
ANY ENABLED CLEAR ALL 
INTERRUPT (NTERRUPTS 



















* (F THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR | 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 

CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE 

CLEARED BY WRITING INTO THE IFA, AS DESCRIBED 

PREVIOUSLY. 


Figure 29. Interrupt Flag Register (IFR) 
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status of the IRQ output. This bit:corresponds to the logic func- 
tion: IRQ = IFR6 x IER6 + IFRS x iER5 + IFR4 x IER4 + 
IFR3 x IER3 + IFR2 x IER2 + IFR1 x JER1 + IFRO x 1ERO. 


Note: 
x = logic AND, + = Lagic OR. 


The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared 
by writing a logic 1 into it. It can.only be cleared by clearing all the 
flags in the register or by disabling all the active interrupts as dis-. 
cussed in the next section. 


Interrupt Enable Register (IER) 


For each interrupt flag in IFR, there is a corresponding bit in the . 
Interrupt Enable Register (IER) (Figure 30). Individual bits in the 
{ER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing to 
the (IER) after bit 7 set or cleared to, in turn, set or clear selected 
enable bits. if bit 7 of the data placed on the system data bus 
during this write operation is a 0; each 1 in bits 6 through 0 clears 
the corresponding bit in the Interrupt Enable Register. For each 
zero in bits 6 through O, the corresponding bit is unaffected. 


Selected bits in the IER can be set by writing to the [EA with bit 7 
in the data word set-to a 1. In this case, each 1 in bits 6 through 0 
will set the corresponding bit. For each zero, the corresponding 
bit will be unaffected. This individual control of the setting and 
clearing operations allows very convenient control of the inter- 
rupts during system operation. 


In addition to setting and clearing IER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 


REG 14—INTERRUPT ENABLE REGISTER 


BOEDEAGD: 
TT 


SHIFT REG 0 = INTERRUPT 


DISABLED 


P= INTERRUPT 


TIMER 2 — ENABLED 


TIMER 1 
SET/CLEAR 


NOTES: 
_1.UF BIT 71S A “0”, THEN EACH “1” IN BITS 0 - 6 DISABLES THE 
. CORRESPONDING INTERRUPT. sate 
2.1F BIT 71S A“1", THEN EACH “1” (IN BITS 0-6 ENABLES THE . 
COARESPONDING INTERRUPT. 
3. IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE “1” ANO 
ALL OTHER BITS WILL: REFLECT THEIR ENABLE/DISABLE STATE. 


Figure 30. Interrupt Enable Register (IER) 
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PERIEHERAL INTEREACE CHARACT ERSTICS 


Characteristic | Min. | 
Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals Se 












ea 


=] 


aie ra 
2 






Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or . 
pulse mode) ; 


Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 
- Delay Time, CA1 Active’ Transition to CA2 Positive Transition (handshake mode) 


Delay Time, Clock Positive: Transition to CA2 or CB2 Negative Transition 
’ (write handshake) 


Delay Time, Peripheral Data Valid to.CB2 Negative Transition 
Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse. mode) . 


- Delay Time, .CA1 or CB1 Active Transition. 10 CA2 or CB2 Positive Transition 
(handshake mode). 


Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 
Setup Time, Peripheral Data’ Valid to CA1 or CBI Active Transition (input latching) 
CA1, C81 Setup Prior to Transition to Arm: Latch - - 
. Peripheral Data Hold After CA1, CB1 Transition 
Shift-Out Delay Time’ — Time from ¢, Falling Edge to CB2 Data Out 
“Shift-in Setup Time — Time from CB2 Data In to $2 Rsing Edge 
External Shift Clock -(CB1):Setup Time Relative ta: $2 Trailing Eggs 
Pulse Width — PB6 Input Pulse . 
Pulse Width — CB1 Input Clock” = 
Pulse Spacing — PB6-Input. Pulse 








































































Pulse Spacing — CB1 Input:Pulse 
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READ (AA 
OPERATION 





CA2_ 
“DATA TAKEN” 








READ IRA 
OPERATION 


“CA2 | 
“DATA TAKEN” 





CAI : 
“DATA READY" 


4 ‘* ACTIVE 
TRANSITION 


WRITE ORA, ORB 
OPERATION 


CA2, CB2 
“DATA READY”’ 


oe 





Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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eG 





cB1 


SET UP TIME MEASURED TO THE FIRST ¢,. 
RISING EDGE AFTER CB1 RISING EDGE. 


cB 
SHIFT CLOCK 
INPUT 


PBG 
PULSE COUNT 
INPUT 





COUNTER T2 
DECREMENTS 
HERE 





Figure 311. Pulse Count Input Timing 
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BUS TIMING CHARACTERISTICS 


aa es ee 


READ TIMING 


‘| Address Hold Time | Tes | | 

~|___ Peripheral Data Set-Up Time | Tron =~ | 00 | 18 
| Data Bus Delay Time” | Toon | 
| Data Bus Hold time | Tus | 1 
Lee 





| Mins [| Mex, 














2-54 


R652200° 2 = ____ Versatile Interface Adapter (VIA) 


BUS TIMING WAVEFORMS - | 





2 
CLOCK 





-mpet | 


HA 
(aa — 

; Y 
0.8V ° 0.8V 





2.0V 


om fr 
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ABSOLUTE MAXIMUM RATINGS* 








*NOTE: Stresses above those listed under ABSOLUTE MAX- 














Parameter” | Symbot | Value | Unit : 
t Seu ane Veg | -0.3 to —7.0 | Vac | IMUM RATINGS may cause permanent damage to the device. 
= — This is a stress rating only and functional operation of the device 
_!nput Voltage - ae BSCS at these or any other conditions above those indicated in the 
Operating Temperature other sections of this document is not implied. Exposure to abso- 
Commercial ‘0 to +70 °C lute maximum rating conditions for extended periods may affect 

. Industrial -—40 to +85 °C device reliability. 


OPERATING Se 


ee ae 
Supply Voltage 


Temperature Range 
Commercial 


DC CHARACTERISTICS 
- (Voc = 5.0 Vde +5%,.Vsg = 0, Ta = T, to Ty, unless otherwise noted) 


. Input Leakage Current 
RW, RES, ASO, RS1, RS2, RS3, CS1, CS2, CAl, g2 


Input Leakage Current for Three-State Off 
DO-DO7 oo 
Input High Current — 100 - 200 pA | Vy = 2.4V 
PAO-PA7, CA2, PBO-PB7, CB1, CBS Voc = 5.25V 
Input Low Current lie 8 Vip = 0.4V 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 Voc = 5.25V 
Output High Voltage Vou _— 
All outputs i ; 2.4 
PBO-PB7, CB2 (Darlington Drive) 1.5 - _ , 
Output High Current (Sourcing) , 
Logic 
PBO-PB7, CB2 (Darlington Drive) 


Output Low Current (Sinking) - 













fe 






























foc = 4, 75V 















Output Leakage Current (Off State) = ce a A a a 
IRQ ; 


Power Dissipation — 





Input Capacitance 
RW, RES, RSO, AS1, AS2, RS3, CS1, C82, 
DO-D7, PAO-PA7, CA1, CA2, PB0O-PB7 
CB1, CB2 
@2 Input 


“Output Capacitance [co =D CN 2 


Notes: : 
1. All units are direct current (DC) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values shown for Voc = 5.0V and Ty = 25°C. 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 





40-PIN PLASTIC DIP 


ed t=] 

° oo 
3 

| 0}. 0] I. 

alo 
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ROM-RAN-I/O-TIMER (RRIOT). 
Rockwell 





DESCRIPTION * FEATURES 
The R6530 ROM-RAM:/O-Timer-(RRIOT) combines read only © 1024 x 8 mask programmable ROM 
memory, random access memory, parallel (/O data ports, and ° 64 x 8 static RAM ; 


timer functions into a.sihgle peripheral device which operates 
in conjunction with any CPU in the R6500 microprocessor family. 
The R6530 allows two chip solutions in a variety of production 


¢ Two 8-bit bidirectional data ports for interface to peripherals 
* Two programmable data direction registers 


applications. It is comprised of a mask programmable 1024 x ¢ Programmable interval timer . 

8 ROM, a 64 x 8& static RAM, two software controlled 8-bit e Programmable interval timer interrupt 

bidirectional data ports allowing direct interfacing between the © TTL & CMOS compatible peripheral lines 
microprocessor unit and peripheral devices, and a software pro- ¢ Peripheral pins with direct transistor drive capability 


grammable interval timer with interrupt, capable of timing in var- 


us intervals from 1 to 262,1 44 clock periods. © 8-bit directional data bus for direct communication with the 


microprocessor 

* High impedance three-state data bus 

* Allows up-to 7K contiguous bytes of ROM with no external 
decoding 


ORDERING INFORMATION 









Part Number: R6530_ 







Package: 
C = Ceramic DIP 
P = Plastic DIP 


Temperature Range: 
0°C to 70°C 


Frequency: 
1 MHz 










1 
2 
3. 
4 
5 
6 
7 
8 





Note: A custom part number will be assigned by Rockwell. 
ROM codes should be submitted using ROM Code Order 
Form, Order No. 2137. 












R6530 Pin Configuration 





Document No. 29000D41 Data Sheet Order No. D41 
2.58 Rev. 5, August 1983 





R6530_ 
INTERFACE SIGNALS 


RESET (RES) 


During system initialization, a RES input causes zeroing of all 
four VO registers. This in turn causes all /O buses to act as 
inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an off state during Reset. Interrupt capability is disabled with 


the RES signal. The RES signal must be held tow for at least ; 


one clock period when reset is required.’ 


READ/WRITE (R/W) 


‘The R/W. input is supplied by the microprocessor and controls 
the transfer of data between the R6530 and'the microprocessor 
via the data bus. A high on the AYW pin reads (with proper 
addressing) data from the R6530 onto the data bus. A-low on 
the R/W pin writes (with proper addressing) data from the data 
bus into R6530. 


‘PHASE 2 CLOCK (2) 


The Phase 2 clock (2) input is the system clock generated by 
the CPU that triggers all data transfers between the data bus 
and the R6530. 


INTERRUPT REQUEST (IRQ) 


The IRQ pin is an interrupt pin from the interval timer. This same 
pin, if not used as an interrupt, can be used as a peripheral 
/O pin (PB7). When used as an interrupt, the pin should be set 
up as an input by the Data Direction Register. The pin will be 

normally high with a low indicating. an interrupt from the R6530. 
An external pull-up device is not required; however, if collector- 
OR'd with other devices, the internal pullup may be omitted with 
a mask seed 


DATA BUS (D0- D7) 


The .R6530 has eight bidirectional data pins (D0-D7). These 
pins connect to the system's data lines and allow transfer of data 
to and from the microprocessor. The output buffers remain in 
the off state except when selected for a Read operation. 





R6500° 
MICROPROCESSOR 
BUS ~ 


“MASK PROGRAMMABLE 
OPTION. 
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ADDRESS LINES (A0-A9) 
There are 10 address pins (AO-AQ). In addition, there is the 


‘ROM Select pin (RSQ). Further, pins PB5 and PB6 are mask 


programmable, and can be used either individually or together 
as chip selects. When used as peripheral data pins they cannot 
be used as chip selects. 


ROM SELECT (RSO0) 


ASO serves as an additional address input line. When RS0 is 
high, internal ROM is selected; when RSO is low, internal ROM 
is not selected. 


PERIPHERAL DATA PORTS 


The R6530 has 16 pins available for peripheral I/O operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and. PBO-PB7. PB5, PB6 and PB7 also have 
other uses which are discussed in later sections. The pins are 
set up as an input by writing a “0” into the corresponding bit of 
the Data Direction Register. A “1” into the Data Direction Reg- 
ister causes its corresponding bit to be an output. When in the 
input mode, the Peripheral Data Buffers are in the “1” state and 
the internal pull-up device acts as less than one TTL load to 
the peripheral data lines. On a Read operation, the micropro- 
cessor unit reads the peripheral pin. When the peripheral device 
gets information from the R6G530 it receives data stored in the 
Output Register. The microprocessor will read correct infor- 
mation if the peripheral lines are greater than 2.0 volts (for a 
“4") or less than 0.8 volts (for a “O”) as the peripheral pins are 
all TTL compatible. 


CHIP SELECT (CSO, CS1) 


Pins 18 and 19 are individually selectable at mask time as either 
chip selects CS1 and CS2, respectively, or port B functions PB6 
and PBS, respectively. 









PERIPHERAL 
” INTERFACE 


PBO-PB7 


Interface Signals 








R6530 


ROM-RAN-I/O-Timer (RRIOT) 





INTERNAL ORGANIZATION 


The R6530 is divided into four basic sections: RAM, ROM, /O 
and Timer. The RAM and ROM interface directly with the micro- 
processor through the system data bus and address lines. The 
VO secticn consists of two 8-bit halves. Each half contains a 
Data Direction Register (DDR) and an Output Register. 


ROM—1K BYTE (8K BITS) 


‘The 1K byte ROM is in a 1024 x 8 configuration. Address lines 
AO0-A9, as weil as RSO are needed to address the entire ROM. 
With the addition of CS1 and CS2, seven R6530’s may. be 
addressed, giving 7168 x 8 bits of contiguous ROM. 


-RAM—64 BYTES (512 BITS) 


A 64 x 8 static RAM is contained on the R6530. It is addressed 
by AQ-A5 (Byte Select), RSO, A6, A7, A8, AS and, depending 
on the number of chips in the system, CS1 and CS2. 


aie a OUTPUT PERIPHERAL 
DATA BUFFER 


REGISTER bodies 
| aie 


ADDRESS 
DECODER 








INTERNAL PERIPHERAL REGISTERS 


There are four internal registers, two data direction registers and 
two output registers. The two data direction registers (A side and 
B side) control the direction of the data into and out of the 
peripheral pins. A “1” written into the Data Direction Register 
sets up the corresponding peripheral buffer pin as an output. 
Therefore, anything then written into the Output Register. will 


appear on that corresponding peripheral pin. A “O" written into 


the DDR inhibits the output buffer from transmitting data from 
the Output Register. For example, a “1” loaded into Data Direc- 
tion Register A, position 3, sets up peripheral pin PA3 as an 
output. If a “O” had been loaded, PAS would be configured as 
an input and remain in the high state. The two Data Output Reg- 
isters are used to latch data from the Data Bus during a Write 
operation until the peripheral device can read the data supplied 
by the microprocessor. 


During a Read operation the microprocessor is reading the 


‘peripheral data. pins. For the peripheral data pins which are 


programmed as outputs the microprocessor will read the cor- 
responding data bits of the Output Register. The only way the 
Output Register data can be changed:is by a microprocessor 
Write operation. The Output Register is not-affected by a Read 
of the data'on the peripheral pins. 





PBO PB? 





DATA 
DIRECTION . 
REGISTER 





A6530 Block Diagram 
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INTERVAL TIMER 


The Timer section of the R6530 contains three basic parts: pre- 
scale divide down register, programmable 8-bit register and 
interrupt logic. 


The interval timer can be programmed to count up to 256 time 
intervals. Each time interval can be either 1T, 8T, 64T or 1024T 
increments, where T is the system clock period. When a full 
count is reached, an interrupt flag is set to a logic “1”. After the 
interrupt flag is set the internal clock begins counting down to 
amaximum of — 225T. Thus, after the interrupt flag is set, a Read 
of the timer will tell how long since the flag was set up to a max- 
imum of 255T. 


The 8 bit system Data Bus is used to transfer data to and from 
the Interval Timer. \f a count of 52 time intervals were to be 
counted, the pattern 0 0 1 1 0 1 0 O would be put on the 
Data Bus and written into the Interval Timer Register. 


At the same time that data is being written to the Interval Timer, 
the counting interval (1, 8, 64, or 1024T) is decoded from 
address lines AO and Ai. During a Read or Write operation 
address line A3 controls the interrupt capability of PB7, i.e., A3 = 
1 enables IRQ on PB7, A3 = 0 disables [RQ on PB7. When 
PB7 is to be used as an interrupt flag with the interval timer it 
should be programmed as an input. If PB7 is enabled by A3 and 
an interrupt occurs PB7 will go low. When the timer is read prior 
to the interrupt flag being set, the number of time intervals 
remaining will be read, i.e., 51, 50, 49, etc. 





When the timer has counted down to0 0 0 0 0 0 O Oonthe 
next count time an interrupt will occur and the counter will read 
111414111 1. After interrupt, the Timer Register decre- 
ments at a divide by “1” rate of the system clock. If after inter- 
rupt, the timer is read and a value of 1 1 100 1 O Ois read, 
the time since interrupt is 27T. The value read is in one’s 
complement. 


Value read =11100100 
Complement =0 0011011 =27 


Thus, to arrive at the total elapsed time, merely do a one’s com- 
plement’ and add to the original time written into the timer. 
Again, assume time written as0 0110 1 0 0 (=52). With 
a divide by 8, total time to interrupt is (52 x 8) + 1 = 417T. Total 
elapsed time would be 417T + 27T = 444T, assuming the value 
read after interrupt was 1110010 0. 


After the interrupt, whenever the timer is written or read the 
interrupt is reset. However, the reading of the timer at the same 
time the interrupt occurs will not reset the interrupt flag. When 
the interrupt flag is read on D7 all other D outputs (DO through 
D6) go to “0”. 


When reading the timer after an interrupt, A3 should be low so 
as to disable the [RQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 


D6 D4 D2 DO 





Basic Elements of Interval Timer 
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® @ (8) @ © 
G2 IN 0 | 1 | 2 | | 3 | [213 | | [ 214 | J ais | [ 416 | [ 500 | | 501 
WRITE T | 


1) Data written into interval timer is:0 0 110 1 0 0 = 5219 


(@) Data in Interval timer is:0 0.01100 1 = 2515 
52-23 _, =§2-26-1=25 


@) Data in Interval timer is:0 0000000 =019 
52-3 1-52-51 -1=0 

Interrupt has occurred at 92 pulse #416 
Data in Interval timer is: 111111141 


©) Data in interval timer Is:'10101100 
two's complement is: 0101001 1 =8349 
83 + (52 x 8) + 1 = 500;5 





R6530 Timer Example 


2-62 





R6530 


ROM-RAM-1/O-Timer (RRIOT) 





ADDRESSING 


Addressing of the R6530 offers many variations to the user for 
jreater flexibility. The user may configure his system with RAM 
in lower memory, ROM in higher memory, and I/O registers with 
interval timers between the extremes. There are 10 address 
tines (AO-A9). In addition, there is the possibility of 3 additional 
address lines to be used as chip-selects and to distinguish 
between ROM, RAM, I/O and interval timer. Two of the addi- 
tional lines are chip-selects 1 and 2 (CS1 and CS2). The chip- 
select pins can also be PBS and PB6. Whether the pins are 
used as chip-selects or peripheral {/O pins is a mask option and 
must be specified when ordering the part. Both pins act inde- 
pendently of each other in that either or both pins may be des- 
ignated as a chip-select. The third additional address line is 
RSO. The R6502 and R6530 in a 2-chip system would use RSO 
to distinguish between ROM and non-ROM sections of the 
A6530. With the addressing pins available, a total of 7K con- 
tiguous ROM may be addressed with no external decode. Follow- 
ing is an example of a 1-chip and a 7-chip R6530 Addressing 
Scheme. 


ONE-CHIP ADDRESSING 


A 1-chip system decode Is illustrated in the R6530 One-Chip 
Address Encoding Diagram. 


SEVEN-CHIP ADDRESSING 


In the seven-chip system, the objective would be to have 7K. 
bytes of contiguous ROM, with RAM in low order memory. The 
7K of ROM could be placed between addresses 65,535 and 
1024. For this case, assure A13, A14 and A15 are all 1 when 
addressing ROM, and 0 when addressing RAM or VO. This 
would place the 7K ROM between addresses 65,535 and 58,367. 
The two pins designated as chip-select, or /O, would be masked 
programmed as chip-select pins. Pin RSO would be connected 
to address line A10. Pins:CS1 and CS2 would be connected to 
address lines A11 and A12 respectively. See table 1. 


The two examples shown would allow addressing of the ROM 
and’ RAM; however, once the I/O or timer has been addressed, 
further decoding is necessary to select which of the '/O registers 
are desired, as well as the coding of the interval timer. 


I/O REGISTER—TIMER ADDRESSING 


Table 2, Addressing Decode for VO Register and Timer, 
illustrates the address decoding for the internal elements and 
timer programming. Address lines A2 distinguishes I/O registers 
from the timer. When A2 is high and !/O timer select is high, 
the 1/O registers are addressed. Once the I/O registers are 
addressed, address lines A1 and AO decode the desired register. 


When the timer Is selected A1 and AO decode the divide by 
matrix. In addition, Address A3 is used to enable the interrupt 
flag to PB7. 


Table 1. R6530 Seven-Chip Addressing Scheme 








Device 
R6530 #1 


ROM Select 
RAM Select 
vO Timer 


“ROM Select 
RAM Select 
0 Timer 


ROM Select 
RAM Select . 
YO Timer 


ROM Select - 
“RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


Note: “ RAM select for R6530.#5 would read 





R6530 #2 


A6530 #3 


R6530 #4 


R6530 #5° 


R6530 #6 


R6530 #7 





pe-feosfeefons 7 pes vat 


Address, Chip Select and Register Select Lines 
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RSO 
A10 





x 
0 
0 
x 
0 
0 
xX 

1 

1 
X 
1 

1 
x. 
0 ; 
0 
x 
0 
0 
X 
1. 
| 











R6530 | | ROM-RAM-1/O-Timer (RRIOT) 








|) INT. TIMER SEL 


ag 
INTERVAL | 


Al TIMER © 





A, X indicates mask programming, ie.: 
’ ROM select = CS1eRSO 
‘RAM select = CS1eRS00A9 eA7 eAB 
“ YO TIMER SELECT = CS7e ASO eASeAS eA70AG 
B, Notice that Aa is a don't care for RAM select 
C. CS2 can be uséd as PBS in this example 












VIVIVIVIVIY\Y 








R6530 One-Chip Address Encoding Diagram 


Table 2. Addressing Decode for I/O Register and Timer 


2 Addressing Decode . 
rom suet | nawsact | vormersact| i | ns | a | a | a0 
0 0 


Read ROM 

Write RAM 

Read RAM . 
Write DDRA 
Read DDRA 
Write DDRB 
Read DDRB 
Write Per. Reg. A 


Read Per. Reg. A 
Write Per. Reg. B 
Read Per. Reg. B 
Write Timer 

+IT 


20700000000 
ae eo et Vt = OOO 

BRo--4oo-~4~o4goH#0380 34 
«<< KM KK KOK OK OK OK 
2A29D900000xx 
-=-00+:+=00 x x 
eooogs+++=3% Kx 


oooaqaoocoo+~--= 


+8T 
+64T 
+1024T 
Read Timer 
Read Interrupt Flag 


Notes: “A3 = 1 Enables TAQ to PB7 
A3 = 0 Disables IRQ to PB7 


oeoo0o°cea 
a00000 
—> ah ek eke 
~~ooo0 

* = & £ © 
Sp eS Go 
xxeKoA AO 
~O+=~O0O-0 


ba 
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R6530 a -——s ROM-RAM-I/O-Timer (RRIOT) 
TIMING CHARACTERISTICS 





Read Timing 


Characteristic 


RIW valid before positive transition of clock 
Address valid before positive transition of clock 
Peripheral data valid before positive transition of clock _ 


Data Bus valid after positive transition of clock 











: Data Bus Hold Time 


IRQ (Interval Timer Interrupt) valid before positive 
transition of clock 


Note: Loading = 30 pF + 1 TTL load for PAO-PA7, PBO-PB7 
= 130 pF + 1 TTL load for DO-D7 





Write Timing 


Clock Period 

Rise & Fall Times 

Clock Pulse Width 

AW valid before positive transition of clock 














Address valid before positive transition of clock 
Peripheral data valid after negative transition of clock 
driving CMOS {Level = VCC - 30%) 
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READ TIMING WAVEFORMS 


CLOCK INPUT 
2.0V , 
—, ace 
i Tacr 
2.0V 


oe Tpcr 7 aa 
PERIPHERAL yf 2,0V © 
DATA 0.8V 


Toor ical T 
2.0V 


“PB7: (IRQ) 


WRITE TIMING WAVEFORMS 


CLOCK INPUT 


ADDRESS 


2.4V- 
DATA BUS : 


0.4V 


Voc -30% 


4 

DATA ae < av ~ 
0.8V 

DATA 8 0.4V 


Tomos 
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MAXIMUM RATINGS* 


eo) 
TSipay wrage | ver_| -aawe7o |v | 
TnpaiOupa votage | Vn | ase +70 [V_| 
a 

os 











*Note: All inputs contain. protection. circuitry to prevent damage due to 
high static charges. Care should be taken to prevent unnecessary 
application of voltage outside the specification range. 


| Operating Temperature . 0 to 70 
Storage Temperature — —55to +150 | °C 


DC CHARACTERISTICS 
(Vcc¢ = 5.0V + 5%, Vgg. = OV, O°C to 70°C, unless otherwise noted) 


[____harectoate | symbol | win [Wn [Wax [Unt | TeetCondtions 
Tinputrign vores SSS Pee | ve P| 
Ce AT SNE 


Input iackage: Current _ Vin = Oto +§.0V 
AO-A9, ASO, RW, REs, 02, PB6®), PBS®) Veo =O _ 
Input Leakage Current for Three State Off Its +1.0 + Vin = 0.4V to 2.4V 
DO-D7 , haar Vec = 5.25V 
Input High Current LA Vin = 2.4V 
PAQ-PA7, PBO-PB7 
Input Low Current; 7 lie: —1.6 mA Vin = 0.4V 
PAG-PA7 PBO-PB7 
. Qutput High Voltage =” Vou Vv Veg = 4.25V 
PAO-PA7, PBO-PB7 (TTL drive), DO-D7 +24 ILoap = -100 wA 
PBO-PB7, (other drive, e.g., Darlington) +1,5 ltoad = 3.0 MA 
Output Low Voltage VoL +0,4 Vv Voo = 4.25V 
lLoap = 1.6 mA 
Output High Current (Sourcing) , = 
PAO-PA7, PBO-PB7 (TTL drive), DO-D7 —1090 uA 
PBO-PB7 (other drive) -5.0 mA : 
Output Low Current (Sinking) Vor = 0.4V 
PAO-PA7, PB0-P87 


Power Diasipaton a 


Input Capacitance ; 
p2 Cex 
Logic Cin 


Output Capacitance ea a 


Note: 1. All units are direct current (DC). 
2. Negative sign indicates outward ‘current flow, positive indicates inward flow. 
_ 3. When programmed as address pins. 
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R6530 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 





40-PIN PLASTIC DIP 
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Rockwell 
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R6531 


ROM-RAM-I/O COUNTER (RRIOC) 





DESCRIPTION 


The R6531 ROM-AAM-I/O-Counter (RAIOC) integrates read- 
only memory, random access memory, various I/O data port con- 
figurations and timer functions into a single peripheral device 
which operates in conjunction with any CPU in the R6500 
microprocessor family. The AG531 provides innovative system 
designers with a two-chip solution to a wide range of applica- 
tions. It can also be combined in a variety of multi-chip. system 
configurations with other R6531’s, ROMs, RAMs and other I/O 
devices. 


There are two R6531 versions: a 40-pin dual-in-line package; 
another with expanded I/O in a compact 52-pin quad-in-line 
package. Both versions contain a 2048 x 8 mask-programmable 
ROM, a 128 x 8 static RAM, a software programmable multi- 
mode counter, an 8-bit serial data channel, and 15 bidirectional 
data lines (two ports) with a handshake control mode and four 
Interrupt inputs: The 52-pin version has an 8-bit output port and a 
4-bit input port for.a total of 27:1/O lines. Several mask options are 
available to. provide a RAM standby power pin and chip selects 
for multi-chip systems. 


Prototyping circuits are available in both the 40- and 52-pin pack- 
ages, and in 1- and 2-MHz versions. They are offered as part 
numbers R6531-098 and R653+-098A for the 40-pin part, and. as 
part numbers R6531-099 and R6531-099A for the 52-pin part. 


ORDERING INFORMATION 


Part Number: 
R6531 


Temperature Range: (T_-T)) 
Blank = 0° to +«70°C 
—E = - 40°C to +85°C 


Package: : 
Pin DIP, Ceramic 


C = 40- 
P = 40-Pin DIP, Plastic. - 
Q = 52- 


52-Pin QUIP, Plastic 


Frequency Range: 
“No letters = 1 MHz 
A = 2 MHz 


NOTE: Contact your local Rockwell representative for 
‘. availability. 


Document No. 29000D52: 
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FEATURES 


@ 2048 x 8 mask programmable ROM 
@ 128 x 8 static RAM 
® 16-bit multi-mode counter/latch 
— internal timer (one shot or free-running) 
— pulse generator (one-shot or free-running) 
— event counter 
— external trigger 
® 8-bit serial channel 
TTL compatible I/O, drive one TTL load. 
15 bidirectional I/O lines (2 ports — 40-pin package) 
Expansion 8-bit output port and 4-bit input port (52-pin package) 
/O handshake control 
Four edge sensitive interrupt inputs 
1 MHz or 2 MHz operation 
ROM-less versions available for prototyping 
@ Single +5V power supply 


 R6S00 


MICROPROCESSOR PERIPHERAL 


INTERFACE 





' *52-PIN VERSION. ONLY 


** OPTIONAL 
interface Signals 


Data Sheet Order No. 052 
Rev. 5, October 1983 
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INTERFACE SIGNALS 
RESET (RES) 


This active low signal initializes the R6531. It clears all internal 
registers (except the counter and serial registers) to logic zero. 
This action places all bidirectional I/O lines in the input state and 
the Port C outputs in the high state. The timer, shift register, and 
interrupts are disabled. The RES signal must be low for at least 
four clock periods when reset is required. 


ADDRESS BUS (A0-A11) AND CHIP SELECTS 
(CS1-C$3) 


Memory and register selection is accomplished using the 12 

‘address lines and, in multiple device systems, also using one or 
more of the three Chip Select mask. options. When PB4, PBS, or 
PD2 are chosen as chip selects, they cannot be used as periph- 
eral V/O pins. 


DATA BUS (D0-D7) 


The Ré531 has eight data -bus lines, which allow. data to be 
transferred. to or from the microprocessor. The output buffers. 
remain in the off-state except when the R6531 is selected. fora 
read operation. 


READ/WRITE (R/W) 


The R/W input controls the transfer of data to and: from the 
microprocessor and the R6531. A high on the R/W pin allows the 
Processor to read (with proper addressing) the data supplied by 
the R6531. A low on the R/W pin allows a write (with proper 
addressing) to the R6531. 





ROM-RAM-I/O Counter (RRIOC) 
PHASE 2 CLOCK (¢2) - | 


The Phase 2 Clock (#2) input is the system clock that. triggers 2 all 


‘data transfers between the data-bus and the: R6531.. 


PERIPHERAL DATA PORTS (PAO0- PA7, PBO- PB6, 
PCO-PC7, PDO-PD3) 


Both versions of the R6531 have 15 pins available for peripheral 
I/O operations. Each pin is software programmable to act as an 
input or an output. The pins are grouped:into an 8-bit port, 
PAO-PA7, and a 7-bit port, PBO-PB6. The lines of the PB port 
may serve other functions. Ports PA and PB have associated 
data direction registers. 


The expanded I/O of the 52-pin version. provides an 8-bit output 
only part, PCO-PC7, and a 4-bit input only port POO-PD3. PD2 
and. PD3' may be assigned other functions as described later. 


The outputs are push/pull type drivers capable of driving a single 
TTL load. When inputs are selected the drivers float. If PB6 is 
programmed as the IRQ request output, the line is driven low and 
requires an external pull-up, thus allowing the wire OR-ing of IRG 
from one devices. 


RAM RETENTION VOLTAGE (VAR) 


A geparale pin for a power saeapely for the read/write memory is 
available as a mask option: This allows the retention of RAM data 
by using a battery back-up for the RAM only. Pin PB6 in the 
40-pin version or PD3 in the 52-pin version is mask program- 
mable as the VAR pin. Address line A10 must be held in the logic 
state which deselects RAM (user-defined) in order to protect the 
RAM data when VCC falls below the specified level or is turned 
off. 


PORT C* PORT D* 
DATA DATA 


_ OUT 
Feavens| | | INTERRUPT 
oe CONTROL 


ae 


DIRECTION =i DIRECTION i 
SERIAL 
ieee lae REGISTER REGISTER 


INTERNAL DATA BUS” 


128 x 8 2046 x 8 DATA 
RAM ROM BUS 


NOTE: *52-PIN VERSION ONLY 





rea ADDRESS 
CHIP SELECT BECOOE 


R6531 Block Diagram. 
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(CS2) PB4/CNTO C42: 
(CS1) PBS/CNT1 (3 
Pp6/iRG CI 4 

RES 


40/> PB3/SDIO . VSS 
3 RW (CS2) PB4/CNTO 
3855 PB2/SCLK (CS1) PBS/CNT1. 
375 PB1/CA2 AES 
36 PBO/CA1 

35 PA7 


: PBS OPTION 


(CS2) PB4/CNTO C2 
(CS1) PBS/CNT1 C13 
- PBe/IRG ()4 


R6531 40-Pin DIP Configurations 


5255 PB3/SDI0 _ VSS 
(CS2) PB4/CNTO { 


(CS1) PBS/CNT41 


PBGE/IRG 


PD3 OPTION 


R6531Q 52-Pin QUIP Configurations 
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VRR OPTION 





VAR OPTION 





PB3/SDIO 
RAW 


| PB2/SCLK 


PBI/CA2 
PBO/CA1 
PA7 

PAG 

PAS 

PAS 





‘AS 


AG 
PA3 
PA2 
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INTERNAL ORGANIZATION 


The R6531 is divided.into three basic functions: ROM, RAM, and 
VO. The selection of any one of these three is accomplished by 
issuing the appropriate address information on the address bus 
when the chip is selected 


ROM—2K BYTES (16K BITS) 


The 16K ROM is a 2048 x. 8 bit configuration. An address on 
lines AO-A10 uniquely selects one byte of ROM. Additionally, 
address line A11 and the chip:selects are required to select the 
ROM function on a given chip, In a system with multiple R6531’s, 
the CS1, CS2, and CS3 mask options allow up to seven devices 
with 14K bytes of ROM without the need for external decoding. 


RAM—128 BYTES (1024 BITS) 


The 128 x 8 static RAM of a given R6531 is addressed by lines 
A0-A6. Additionally, address tines A7-A11 and chip selects CS1, 
CS2, and CS3 provide selection of the RAM section of the device 
as well as the device itself when additional RAM devices or 
A6531’s are in the system. 


INPUT/OUTPUT 


The input/output section is comprised of the data ports, direction 
registers, counter and associated latches, control registers, and 
interrupt registers. These I/O functions are all accessible by the 
R6502 CPU's instruction set using address bits AO-A3 for the 
specific function of the device. Address bits A4-A11 and CS1, 
CS2, and CS3 additionally may be decoded to select a given 
R6531 device in a multichip system. 


Control Registers 


Two control registers allow software selection of various I/O func- 
tions. The Peripheral Control Register (PCR) is primarily associ- 
ated with Port B functions and the Auxiliary Control Register 
(ACR) is associated with'the counter and serial data functions 
which also affect Port B. 


ADDRESSING 


Addressing of the R6531 offers many variations to the user for 
system configuration flexibility: Combination with other R6531 
ROMs, RAMs or I/O devices is possible without need for external 
address decoding. Each of the three basic functions on the 
device has its own decode mask for unique selection. 


The specific address ranges and chip selects are defined by the 
user and are dependent on the number of chips in the system. 
The programmed options to be fixed by masking are shown in 
Table 1. 


2-72 


ROM-RAN-I/O Counter (RRIOC) 


Table 1. R6531 Addressing 





The X, Y, and Z bits may be selected as high, low or no effect. 


The chip select pins:are also discrete 1/O pins PB5, PB4, and 
PD2. The pins are independent of each other in that any one may 
be used as a chip select. The user specifies as mask options 
which pins are to be used as I/O and which as chip selects. 


40-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-098 (1 MHz) and R6531-098A (2 
MHz) are packaged in a 40-pin dual in-line package that has the 
same pinouts as the 40-pin R6531 with PB6 option. In this 
prototyping circuit, the ROM is disabled and there is no VRA 
option. Access codes for this prototyping circuit are shown in 
Table 2. 


Table 2. R6531-098 Addressing 


Address Inputs:(A0 - A11} 


128 RAM Decode 


LATE Hittite eas 


N means No Effect, H means High and L means Low. 


R6531-098 
Function 





52-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-099 (1 MHz) and R6531-099A (2 MHz) 
are packaged in the 52-point quad in-line package, with VRR 
option. PD2 is used as a chip select (CS3), and PB4 and PB5 
are available as I/O lines. Access codes for the prototyping cir- 
cuit are shown in Table 3. - 


Table 3. R6531-099 Addressing 


R6531-099 Chip © 
Function Selects Address Inputs (A0-A11) 
ess[csa] esi] a1[rollel7ie] slalal2|i10 | 
| Rom || H PEN Na 


FL NI NI LTEILIN| tL] 128 RAM Decode _| 
PET NN Pe PATH H [eft] et] e] 0 decode | 


The 128 words or RAM have been mapped into the first half of 
both Page 0 and Page 1, to accommodate zero page addressing 
and stack operations. The full I/O capabilities described for the 
R6531 are available in the prototyping circuit, except that {/O 
lines PD2 and PDS are dedicated to the VAR and CS3 mask 
options. 
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REGISTERS 


REGISTER SELECTION | 


The register selection and/or general operation performed by the 
15 R6531 addresses in conjunction with the R/W state is shown 
in Table 4. 





Read Port A Data ' Write Port A Data 





L L L. 

1 L L L "HH | Read Port B Data Write Port B Data 

2 L L H iL = Write Port C Data 

3 L L H H — Write Port D Data 

4 L H L ‘L | Read Lower Counter Write Lower Latch 

5 L H L H | Read Upper Counter Write Upper Latch and Download 

6 L H H | oL = Write Lower Latch 

7 L H H H — Write Upper Latch 

8 H L L L_ | Read Serial. Data Register Write Serial Data Register. 

9 H L L H | Read Interrupt Flag Register Write Interrupt Flag Register 

A H L H L | Read Interrupt Enable Register Write Interrupt Enable Register 

B H L H H | Read Auxiliary Control Register Write Auxiliary Control Register 

Cc H H L L_ | Read Peripheral Control Register “Write Peripheral Control Register 

D H H L H _ Write Port A Data Direction Register 

E H H “H L | — Write Port B Data Direction Register 
Peripheral Control! Register (PCR) Auxiliary Control Register (ACR) 

Operating Modes for the Timer/Counter, PB2/PB3 Serial 

Some Port B operating options are software selectable by writing input/output and PB4 pulse output are selected by writing bits . 


control bits to the Peripheral Control Register (PCR). to the Auxiliary Control Register (ACR). 


SERIAL UNTER 
__Contnot 
-Lr7Leys{e[s [2] ] 


Lajetsdefsfet fe) 
a ae mS [| 


PBO AND PB1 CONTROL 
00 = STATIC 1/0 

01 & PA HANDSHAKE 
1X = NEG EDGE DETECT 


’ COUNTER SOURCE BELECTION 

00 « COUNTER OFF : 

01 = EXTERNAL EVENT (PB5) 

10's PHASE 2 ! ; 

11 = PHASE 2, EXT TRIGGER LOW 
_ PULSE GENERATION CONTAOL 
PB2 AND P83 CONTROL © = PULSE OUTPUT OFF. 
© = STATIC VO 
1 = POS EDGE DETECT 


1 = PULSE OUTPUT ON (PB4) 


FREE RUN CONTROL 
0 = ONE SHOT 
1 = FREE SUN 


PB6 CONTROL 

0 & STATIC VO 

1 = iRG REQUEST 
OUTPUT. 


SPARE (UNUSED) 


SERIAL CLOCK SOURCE 

00 = SERIAL OFF ' 

01 = EXTERNAL CLOCK (PB2) 
1X 2 PHASE 2 CLOCK (PB2 OUT) 


SERIAL DATA DIRECTION 
© & SERIAL IN (PB3) 
1 = SERIAL OUT (PB) 


SPARE (UNUSED) 
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Interrupt Enable and Flag Registers 


Two registers are provided for interrupt control. Corresponding 
bits in the enable and flag registers are logically ANDed to set the 
Interrupt Request Pending flag. If the pending flag is set and PB6 
is selected as an IRQ Request Output, then PB6 will be set low to 
request the A6502 CPU to service IRQ. 


The interrupt enable bits are set or reset by writing-into the Inter- 
rupt Enable Register. The interrupt flag bits IFRO-IFA6 can be 
cleared directly by writing a byte to the flag register which has 1's 
in those bit positions to be clearéd. 


IFR4 and IFR5 may also be cleared by reading or writing the Port 
Aor Serial Data Registers respectively. IFR6 may also be 
cleared by reading the lower.counter with I/O address hex 4 writ- 
ing the upper latch with I/O addresses hex 5 or 7. 


These registers and their bit assignments are illustrated. 


Interrupt Enable Register (1ER) . . - 


[Interrupt Fig Regiser (FA) 


PBO NEGATIVE 
EDGE DETECT 


PB1 NEGATIVE 
EDGE DETECT 


'L. pape POSITIVE 
EDGE DETECT 


PB3 POSITIVE 
EDGE DETECT 


PORT A NEEDS SERVICE 
IN HANDSHAKE MODE 


_SERIAL REGISTER 
' FULVEMPTY, EXT. CLOCK 


'- L COUNTER OVERFLOW 


= INTERRUPT 
REQUEST PENDING 
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PERIPHERAL DATA PORTS 


Each line of the 8-bit data Port A may be individually selected as 
an input or output. Associated with the port is Data Direction Reg- 
ister — Port A (DDRA).-Each line of the 7-bit date Port B may be 


individually selected as an input or an output. This port also has a 


Data Direction Register (DDRB). The two data direction registers 


_(A and B) control the direction of the data into and out of the 
_ peripheral pins. A “1” written into the Data Direction Register 


sets up the corresponding peripheral pin as an output. Therefore, 
anything written into. the data register will appear on. that corre- 


~ sponding peripheral.pin. A “0” written into the DDR ‘inhibits the 
-output buffer from transmitting data from the data register: For 
. . example, a 
‘pin PA3 as an output. If a “0” had been loaded, PA3 would be 


a1" loaded into DDRA, position 3, sets up peripheral 
configured as an input and would be in a float state. 


Note that when lines in the PB port are used alternately as contro! 
lines for other on-chip functions, Direction Register B must also 
be loaded to set up the proper direction — the Contro! Registers 
have no effect on data direction. 


The 8-bit Port Ci is an output only port. The 4-bit data Port D is an 
Wout only port. 


For those lines being used as outputs, the data registers are 


used to latch data from the Data Bus during a Write operation so 


‘the’ peripheral device can read the data supplied by the 
: Microprocessor. 


For the lines being used 'as inputs, the microprocessor is reading 
the peripheral data pins. For the peripheral data pins which are 
programmed as outputs the microprocessor will read the corre- 
sponding data bits of the Output data. 


EDGE DETECT LOGIC 


Operating in parallel with the /O operation of PBO-PB3 is édge 
detect logic that is enabled by Peripheral Control Register bits 1 
and 2. PCR1 enables logic that upon detection of a negative 
edge on PBO or PB1 will set a corresponding flag in the Interrupt 
Flag Register. PCR2 enables logic that upon detection of a posi- 
tive edge on PB2 or PB3 will set corresponding fiags in the Inter- 
rupt Flag Register. If corresponding bits are set in the Interrupt 
Enable Register, then the Interrupt Request Pending flag will be 
set. , 


HANDSHAKE OPERATIONS 


PBO and PB1 may be used as handshake control lines for date 
transmissions over Port PA; see PCR definition. PBO is a control 
input, PB1 is a controt output. PB1 switches low on a read or write 
to Port PA, and switches high in response to a negative transition 
on PBO. 


IFR4 in the Flag Register is set by a negative transition on PBO, 
and cleared by a Read or Write to Port PA; see Handshake Tim- 
ing Diagram for timing details. 








PBO (IN) 

PB1 (OUT) 

PBO SAMPLED 
PA (DATA OUT) — 


ina 


R/W 

FRO, 1,2, 3 
ina 

PRO, PBI 


PB2, PB3 


PB SAMPLED 
(#2 LOW) 





ROM-RAM-V/O Counter (RRIOC) 





LOAD PA 





PB1 CONTROL 


RESET, ae 

WRITE PCA, OR 

NEGATIVE TRANSITION ON PBO 
RESET BY: 

WRITE PORT PA 

OR READ PORT PA 


R6531 Timing for Handshake Mode 





WRITE TO 
FLAG REG. 


NEG TRANSITIONS 


POS TRANSITIONS 


INTERRUPT FLAG REG. CONTROL 


SET BY INPUT ACTIVE TRANSITIONS 


RESET BY RESET OR WRITE ‘'1” 
TO CORRESPONDING IFR BIT 


R6G531 Timing for Interrupt Mode 
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SERIAL DATA CHANNEL. 


The R6531 has an 8-bit serial channel. PB2 and PB3 are soft- 
ware selectable as the serial clock (SCLK) and serial data (SDI0) 
lines respectively. 


The software sets Auxiliary Control Register bits 4 and 5 to ena- 
ble the serial channet and to specify the source of the shift clock. 
Selection of the intemal clock will shift data at one half the system 
92 clock rate. If the external clock is used, data may be shifted at 
any rate up to one half the system @2 clock rate. In the external 
clock mode, the counter may be operated in the free run pulse 
generation mode using the CNTO line externally connected to the 
SCLK line to provide the desired shift rate. 


o2 


ADOR (WRITE) 


AW (WRITE) 


DATA BUS . 
(WRITE) 


SER DATA 


SER CLK 


INPUT SMPL 


ina 


ADDR (READ) 
R/W (READ) 


DATA BUS (READ) 


Auxiliary Control Register bit 6 sets the.serial data direction. Data 
are shifted in or out, most significant bit first, under control of the 
shift clock. 


In the external clock mode, the completion of eight shifts of the 
serial register will set bit 5 of the interrupt flag register. If the cor- 
responding bit of the Interrupt Enable Register is also set an 
Interrupt Request Pending flag will be set. i 





R6531 Serial /O Timing 
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COUNTER/TIMER 


The AG6S31 contains a multi-mode 16-bit counter/timer with an 
associated 16-bit latch whose modes are software selectable by 
setting appropriate bits in the Auxiliary Control Register. The 
latch holds the counter preset value and all 16 bits download to 
the counter simultaneously upon command (I/O address hex 5) 
of the software or automatically in free run modes upon overflow 
of the counter. The counter is a decrementing counter and 
causes the setting of a flag in the Interrupt Flag Register when it 
overflows. This interrupt flag, bit 6, is logically ANDed with a cor- 
fesponding counter overflow interrupt enabled bit to sat the Inter- 
rupt Request Pending flag. The Auxiliary Contro! Register is used 
to set four basic modes which specify the source of the count 

information, and to select two mode modifiers that apply equally 
to the three active modes. 


Mode 0 — Counter Off 

Mode 1 —Event Counter — counts external event 
inputs (negative transitions) at PBS 

Mode 2 — Interval Timer — counts 02 syste clock 


pulses. 


LOAD TIMER = 4 


R/W 


COUNTER: ONE-SHOT Wy 4 [3] 2 | 
Wes | 2 


COUNTER: FREE-RUN 


FR6: ONE-SHOT 
FRE: FREE-RUN 


PB4: ONE-SHOT 
PB4: FREE-RUN 


ira 


COUNTER EXT STAOBE 
PBS 

COUNTER EXT CLOCK 
PB5 


PB5 SAMPLES @ ¢01 


Mode 3 —€Extemal Trigger — counts $2 system clock 
pulses starting with a negative transition on 


PB5. 


Mode Modifier A —-Pulse Generation Control — causes the 
output level on PB4 to switch low each time 
the counter is loaded using I/O address 
hex. 5. At counter overflow, PB4 switches 
high. If in the free run mode, PB4 continues 
to toggle at each subsequent counter over- 
flow; otherwise there are no further transi- 
tions until the counter is reactivated by the 
software. 


Mode Modifier 8 —Free-Run Control — causes the full 16-bit 
latch to be downloaded to the counter, con- 
tinues to count, and sets the counter over- 
flow flag bit every time the counter 
overflows. Otherwise the counter is a one 
shot mode in which the counter overflow 
flag is set one time only until the counter is 
reactivated by the software. 


MAX RATE 





R6531 Counter/Timer Timing 
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BUS TIMING CHARACTERISTICS 


Characteristic 


Clock Period 
Clock Pulse Width | 
Rise & Fall Times. ’ 


READ. TIMING | 






FU valld before positive transition of clock | 
Address valid before positive transition of clock 
Data Bus Hold Time. 


ae 
IRQ valid after negative transition of clack = <a 
| 120 | 





WRITE TIMING 





Data Bus valid before negative transition of clock 


Data Bus Hold Time « 


Peripheral data valid after negative transition of clock 


100 pF + 1 TTL for PAO-PA7, PBO-PB6, and PCO-PC7. 
100 pF + 1 TTL for D0-D7 (R6531A). 
130 pF + 1 TTL for DO-D7 (R6531). 
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READ TIMING WAVEFORMS 


Tr 





=A ae 
me Thee 


2.0V 


= Trcr ae 

: 2.4V 
PERIPHERAL 7 2.0V 

DATA 0.8V 





0.4V 
fon 
2.4V 
2.0V 
0.4V 










. — Tic 
PB7 (IRQ) \ . 


WRITE TIMING WAVEFORMS 











ADDRESS 


DATA BUS 





PERIPHERAL 
DATA 
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MAXIMUM RATINGS* 


Supply Voltage 












Operating Temperature Range 
Commercial 
Industrial 


Storage Temperature Range 







DC CHARACTERISTICS 


| svmbat | vaiue | 
. 


Oto +70 °C 
-~ 40 to +85 °C 


-55 to +150 


"Note: This device contains circuitry to protect the Inputs against 
damage due to high static voltages, however, normal precautions 
should be taken to avoid application of any voltage higher than max- 
imum rated voltages to this circuit. 





(Voc SOV 410%, Vog = SOV +5% A, Veg = 0, Ta = Ty to Ty, unless otherwise noted) 





Characteristic 
Input High Voltage . 








Input Low Voltage 


Input Leakage Current 


A0-A11, CS1-CS3, R/W, RES, 42, PDO-PD3 





Leakage Current for Three-State Off. 
(Three State) D0O-D7, PAO-PA7, PBO-PB6 


Input High Current 
PAO-PA7, PBO-PB6, PDO-PD3 
Input Low Current 
PAO-PA7, PBO-PB6, PDO-PD3 
Output High Voltage - 
DO-D7, PAQ-PA7, PBO-PB6, PCO-PC7 
Output Low Voltage 
DO-D7, PAQ-PA7, PBO-PB6, PCO-PC7 


Output High Current (Sourcing); 
PAO-PA7, PBO-PB6, PCO-PC7 


Output Low Current (Sinking) 
PAQ-PA7, PBO-PB7, PCO-PC7 


Input Capacitance 
p2 
Logic 
Output Capacitance 
Power Dissipation 


NOTES: 
1. All units are direct current (DC). 





< < = <jp< 
E : fe 


a 
r 


Voc = 5.0V 


H+ 
= 
So 





2. Negative sign indicates current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 


40-PIN DIP 


DOT OR NOT 
TO LOCATE 
PIN NO. 4 


2.020 MAX 
(51.30 MM) 


(1.85) 0.068 ii sa 


(1.01) 0.0490 


(0.55) 0.022 TYP. 
{0.45) 0.018 
1.910 


1.896 


(48.51 MM) 
(48.00 MM) 


19 EQUAL SPACES 


0.100 G@ TOL NONCUM. 


(2.54 MM) 


NOTE: Pin No. 1 is in lower left corner when 


symbolization is in nermal arientation 


ROM-RAN-I/O Counter (R 


(15.87) 0.625 
5.11) 0595 


(3.93 MM) 


0.190 MAX 
(4.82 MM) 


0.310 MAX 
(7.87 MM) 


0.100 MIN 
(2.54 MM) 


9.010 MIN 


(0.25 MM) 


115 MAX 
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oe | R6532 


RAM-I/O-TIMER (RIOT 
Rockwell eee 





DESCRIPTION FEATURES 


The R6532 RAM-VO-Timer (RIOT) integrates random access 128 x 8 static RAM 

memory (RAM), parallel I/O data ports and timer functions into Two 8 bit bidirectional data ports 

a single peripheral device which operates in conjunction with fs : gia ane 2, 
any CPU in the R6500 microprocessor family. it is comprised a evel es pate capability 
of a 128 x 8 static RAM, two software-controlled, 8-bit bidirec- Fompall i peripnerallines 
‘tional data ports allowing direct interfacing between the micro- One port has direct transistor drive capability 
computer and peripheral devices, a software programmable Programmable edge-sensitive interrupt input 
interval timer with interrupt, capable of timing in various intervals 8 bit bidirectional data bus 

from 1 to 262,144 clock periods, and a programmable edge- 6500/6800 bus compatible 

detect circuit. 1 MHz and 2 MHz parts available 
Single +5V power supply 


igi. 


OOn an hwn a 


ORDERING INFORMATION 


Part Number: R6532__ _ _ 


— Temperature Range: 
Blank = 0°C to +70°C 
E = —40°C to +85°C 


Package: 
C = Ceramic DIP 
P = Plastic DIP 


Frequency: 
No Letter = 1 MHz 
A = 2 Mhz 


R6532 Pin Configuration 





Document No. 29000D42 Data Sheet Order No. D42 
Rev. 6, October 1983 
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INTERFACE SIGNALS 


RESET (RES) 


During system: initialization, a low RES. input causes a zeroing eae 


of all four /O registers. This in turn causes all /O buses to act 
as inputs thus protecting external components from possible 
damage, and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an OFF-STATE during Reset. Interrupt capability is disabled with 


the RES signal. The RES signal must be held low for at least. 


two clock periods when reset is required. 

READ/WRITE (R/W) 

The R/W signal is supplied by the microprocessor and controls 
the transfer of data to and from the R6532. A high on the R/W 
pin allows the processor to read (with proper addressing) the 


data supplied by the R6532. A low on the R/W pin allows a write 
(with proper addressing) to the R6532. 


INTERRUPT REQUEST (IRQ) 


The [RQ pin is an interrupt pin from the interrupt control logic. 
The pin will be normally high with a low indicating an interrupt 
from the R6532. An external 3K pull-up resistor is required, The 
TRQ pin may be activated by a transition on PA7 or timeout of 
the interval timer. 


DATA BUS (D0- D7) 


The R6532 has eight bidirectional data pins (DO-D7). These pins 
connect to the system's data lines and transfer data between the 
R6532 and the microprocessor data bus. The output buffers 
remain off, or tri-stated, except when the AG532 is selected for 
a Read operation. 


R6500 
MICROPROCESSOR 
BUS 


INTERFACE 





ADDRESS LINES (Ao- AG) 


There are seven address pins (AO-A6). In addition, there is the 
RAM SELECT (RS) pin. The pins AQ-A6 and RS are always used 


“as addressing pins. There are two additional | pins which are used 


as CHIP SELECTS. They are pins CS1 and CS2. Tables 1 and 2 


identify the functions selected and registers addressed depending 


upon the address line and RS inputs in conjunction with the RAW 
level. 


lO PORTS (PAO- PA7, PBO-PB7) 


‘The R6532 has 16 pins available for peripheral !/O operations. 


Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and PBO-PB7. (PA7 also has another use 
which is discussed later.) Each is set up as an input by writing 
a “0” into the corresponding bit of the data direction register. A 
“1” written into the data direction register causes its corre- 
sponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the “1” state and the internal 
pull-up device acts as less than one TTL load to the peripheral 
data lines. On a Read operation, the microprocessor reads.the 
peripheral pin. When the peripheral device gets information 
from the R6532 it receives data stored in the data register. The. 
microprocessor reads valid pin information if the peripheral lines 
are greater than 2.0 volts for a “1” and less than 0.8 volt for a 
“0” as the peripheral pins are all TTL compatible. Pins PBO- 
PB? are also capable of sourcing 3 ma at 1.5V, thus making 
them capable of Darlington drive. 


PAO-PA7 


PERIPHERAL 
INTERFACE 


, PBO-PB7, 


RIOT Interface Signals 











R6532_ a ___________ RAM-/0-Timer (RIOT) 


aac aaa 1. Address aa cae 


[eperaton sd a 


Write RAM 
Read RAM 


"Write Output Reg A’ 


Write DDRA e a oa 
Read DDRA 0 

Write Output Reg B 

Read Output Reg B 


: Write DDRB 
Read DDRB 


Write Timer 
=1T 
+B8T 
+64T . 
+1024T 

Read Timer 

Read Interrupt Flag 
Write Edge Detect Control 


Notes: 
. — = Don’t Care. vay = High level (>2. 4v), “0” = Low level (<0. 4V) 


(a) A3 = 0 to disable interrupt trom timér to TAQ. (c) AO = 0 for negative edge-detect 
A3 = 1 to enable MHSITUPR from timer to |RQ: AQ = 1 for positive edge-detect 


. {b) AT = 0 to disable interrupt from PA7 to TAQ: 





_ Al=1to enable interrupt from PA? to IRQ 


... Table 2. negister Addressing 


Start. Start 
Address + . Register/Function Address + Register/Function 


DRA (‘A’ side data register) Write edge-detect control (positive edge-detece, 
DDRA (A’ side data direction register) enable interrupt) 
DRAB (‘B’ side data register) Read timer (enable interrupt): 

. DDRB (‘B' side data direction register) ; Write timer (divide by 1, disable interrupt) 
Read timer (disable interrupt) Write timer (divide by 8, disable interrupt) 
Write edge-datect contro! (negative edge-detect, Write timer (divide by 64, disable interrupt) 
disable interrupt) | — Write timer (divide by 1024, disable interrupt) 
Read interrupt flag register (bit 7 = timer, bit6 = Write timer (divide by 1, enable interrupt) 
PA7. edge-detect) Clear PA7 flag , Write timer (divide by 8, enable Interrupt) 
Write. edge-detect control (positive edge-detect, -|| "Write timer (divide by 64, enable interrupt) 
disable interrupt) ; Write timer (divide by 1024, enable interrupt) 
Write edge-detect control (negative edge-detect, 
enable interrupt) 
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INTERNAL ORGANIZATION 


The R6532 is divided into four basic sections, RAM, VO, Timer, 
and Interrupt Control. The RAM interfaces directly with. the 
microprocessor through the system data bus and address lines. 
The I/O section consists of two 8-bit halves. Each half contains 
a Data Direction Register (DDR) and a Data Register (DR). 


RAM—128 BYTES (1024 BITS) 


The 128 x8 Read/Write Memory acts as a Conventional static 
RAM and can be accessed from the microprocessor by selecting 
the chip (CS1 = high, CS2 = low) and by setting RS low. 
Address lines AO through. A6 then select the desired byte of 
storage. 


/O PORTS AND REGISTERS 


The I/O Ports consist of eight lines which can be individually pro- 
grammed to act as either an input or an output. A logic zero in 
a bit of the Port A Data Direction Register (DDRA) causes the 
corresponding line of Port A to act as an input. A logic one 
causes the corresponding Port A line to act as an output. The 
voltage on any line programmed to be an output is determined 
by the corresponding bit in the Port A Data Register (DRA). 


PAO PA7 PBO 


DATA 
DIRECTION 
REGISTER 
A 


DATA 
BUS ADDRESS 


BUFFER DECODER 


‘ PERIPHERAL DATA. 
DATA BUFFER 


DATA. PERIPHERAL 
REGISTER 
A 


DATA BUFFER 
A 


Data is ‘read directly from the data pins during any read oper- 
ation. For any output pin, the data transferred into the processor. 
will be the same as that contained in the Data Register if the 
voltage on the pin is allowed to go to 2.4V for a logic one. Note 
that for input lines, the processor can write into the corre- 
sponding bit of the Data Register. This will not affect the polarity 
on the pin until the cortesponding bit of DDRA is set to a logic 


-one to allow the I/O line to act as an output. 


The operation of the Port B is-exactly the same as the normal 
¥© operation of the Port A. Each of the eight lines can each be 
programmed to act as either an input or as an output by placing 
a 0 or a1 into the Port B Data Direction register (DDRB). In the 
output mode, the voltage oni a peripheral pin is controlled by the 
Port B Data Register (DRB). : 


The primary difference between Port A and the Port B is in the 
operation of the output buffers which drive these pins. The Port 
B output buffers aze. push-pull dévices which are capable of 
sourcing 3 ma at 1.5V. This allows these pins to directly drive 
transistor switches. To assure that the microprocessor will read 
proper data on a “Read Port B” operation, logic in the R6532 
allows the microprocessor to read the Output Register instead 
of reading the peripheral pin as on Port A. 


DATA 


DIRECTION 
REGISTER REGISTER 


INTERRUPT INTERVAL 
CONTROL TIMER 





R6532 Block Diagram 
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EDGE DETECTING WITH PA7 


In addition to acting as a peripheral I/O line, the PA7 line can 
be used as.an edge-detecting input. In-this mode, an active tran- 
sition. sets the internal interrupt flag (bit 6 of the Interrupt Flag 
register). Setting the interrupt. flag causes TRQ output to go low 
if the PA7 interrupt has been enabled. 


“Control of the PA7 edge detecting mode is accomplished, by 


the polarity of the active transition and A1 acts to enable or dis- 
able interrupting of the processor, The data which is placed on 
the Data Bus during this Spereion: is p Giscarsad and has no 
effect on the contral of PA7. . 

The PA7 itterrupt flag is set:on an active transition, even if the 
pin is being used as a normal input or:as.a peripheral control 
output. The flag is also set by an active transition if the PA7 
interrupt is disabled. The reset signal (RES) disables the :PA7 
interrupt and énables negative (high-to-low) edge detection on 
PA7. The PA7 edge detect logic can be set to detect either a 
positive or negative transition and to either.enable or disable 
interrupt (TRQ) generation upon detection. . 


D7 D5 D3 D1 
Do 





Basic Elements of Interval Timer 


o writing to one of four addresses. In this operation, AQ controls - 


D4 D2 
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‘clock rate to a maximum of 


During system initialization, the interrupt-flag may inadvertently 
be’setby.an unexpected transition on the .PA7. It is-therefore 
recommended that the interrupt flag be cleared before eriabling 
interrupting from. PA7. To clear PA7 interrupt flag, simply read. 
the interrupt Flag Register. 


INTEAVAL TIMER 


The Timer section of the R6532 contains three basic parts: pre- 
liminary’ divide down register, progtammanie 8+bit register and 
Interrupt logic." 


The Timer can-be mowanned to count up to 255 time intervals. 
Each time Interval can be either 1T, 81, 64T or 1024T incte- 
ments, where T is the system clock period. When a full count 
is reached, an interrupt flag is set to logic 1”. After the interrupt 
flag is set the internal clock begins counting down at the system 
—255T.. Thus, after the interrupt flag 
is set, a Read of the timer will tell how long since the flag was 
set up to a maximum of 2557. 


R/W Al 


DIVIDE 
DOWN 


DO 





R6532 





INTERVAL TIMER EXAMPLE 


The 8-bit. microprocessor data bus transfers data to and from 


the Timer. If a count of 52 time intervals were to be counted, 
the pattern dO 0 1 1 0 1 0 Owould be put on the data bus and 
written into the divide by 1 Timer register. 


At the same time that data is being written to the Timer, the 
‘counting intervals of.1, 8, 64, 1024T are decoded from address 
lines AO and Ai. During a Read or Write operation address line 
A3 controls the interrupt capability of PB7, i.e., A3 = 1 enables 
IRQ, A3 = 0 disables IRQ. When the timer is read prior to the 
‘interrupt flag being set, the number of time intervals remaining 
will be read, i.e., 51, 50, 49, etc. 


When the Timer has counted throughO 0 0 0 0 0 O Oonthe 
next count time.an interrupt will occur and the counter will read 
1111111 1. After the interrupt flag is set, the timer reg- 
ister decrements at a divide by “1” rate of the system clock. If 
the timer is read after the interrupt flag is set and a value of 
111001 0 Ois read, the time since interrupt is 27T. The 
value read is in two's complement, but remember that interrupt 
occurred on count number one. Therefore, we must subtract 1. 


COUNTER CONTENTS 


P-Tc —a| 
0 | ia 


RAM-1/O-Timer (RIOT) 
Value read =11100100 
Complement=0 001101 1 - 
ADD 1 =00011100= 28 Equals two’s com- 
plement of register 
SUB 1 =00011011= 27 


Thus, to arrive at the tota/ elapsed time, merely do a two's com- 
plement add to the original time written into the timer. Again, 
assume time written as 0 0 1101 0 0(=52). Witha divide 
by 8, total time to interrupt is (52 x.8) + 1 = 4177. Total elapsed 
time would be 416T + 27T = 443T, assuming the value-read 
after interrupt was 1 110010 0. 


The interrupt flag will be reset whenever the Timer is accessed 
by a read or a write. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 
When the interrupt flags .are read (D7 for the timer, D6 for the 
edge detect) data bus lines DO-D5 go to 0. 


When reading the timer after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 


o | 255 | 254 } 253 | | 64 | 


samasewamen LSL ILIA, FA run FEL AUG LLL 
WRITE TIMER SE 
PRE-SCALE OUTPUT 


N-P-Te + Te/2 - = 
INTERRUPT FLAG (BIT 7) ee eS renee 
READ TIMER —————______-_______ 


Notes: 

Assume 52 Loaded into Timer with a divide by 8: 

The Counter Contents and the Clock Pulse Numbers will coincide. 
Prescale, P = 8. 

Cycle Time, To = 1 sec (for 1 MHz) 

‘Count, N = 52 





Interval Time Example Waveforms 
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R6532 — | RAM-I/O-Timer (RIOT) 
BUS AND PERIPHERAL TIMING WAVEFORMS 


READ. TIMING 


aa \ ITIL es 

















R6532_ _— Le ~ RAM-I/O-Timer (RIOT). 
AC CHARACTE RISTICS 


Characteristic 


a a GT | 
| Chock Pulsewith Pte TP mts 
=a Se = eS 
READ TIMING | 
Address Set Up Time 
‘Address Hold Time 
R/W Set Up Time 





Data Bus Delay Time 


Data Bus Hold Time aa eS (een a eee ee Se 
Peripheral Data Set Up Tine ie se Se 





WRITE TIMING 


2 Cycle Time , a eee Pe ee Ee ee ee ee 
02 Pulse Width a ee ee ee ee ee 
Address Set Up Time es eee RO ee 
Address Hold Time | oan |] OE OKs 
IW Set Up Time ae cae (a a (Re 
‘RAW Hold Time ae aa Se eae (ee ee eel eee ee 
Data Bus Setup Tine Too | 20) 6| — | of] UK es 


Peripheral Data Delay Time ee 
Peripheral Duta Delay Twrie CMOS | Tews f= | ef 


2-89 











R6592—— ~______ RAM-1/0-Timer (RIOT) 


mAxINe! Sr 


--"Note: This device contains input protection against damage due to high 
‘static voltages or electric fields; however, precautions should be taken 


| Supply Voltage le sees —0.3 to +7.0 to.avoid application of voltages higher than the maximum rating, 


__ [rps vorege a qos +70 


- Operating Temperature 
. Commercial . Sake ‘| Oto +70 
Industrial - —40 to + 85 





DC CHARACTERISTICS 


(Véc = 50 +5%, Ty = T, to TH unless otherwise noted) - 


a 
| and 


“Tnput Low Voltage” 


Input Leakage: Current.” : 
AQ-A6, AS, AM, RES, ee cs1,CS2 


~ Input Leakage Current for Three-State Off 
DO-D7 , 


Input High Current 
” PAO-PA7, PBO-PB7 


ifiput Low Current 
PAO-PA7, PBO-PB7 


Output High Voltage. 
PAO-PA7, PBO-PB7 (TTL drive), DO-D7 
PBO-PB7 (other than TTL drive, e.g., Darlington) 


Output Low Voltage a Woe 
D0-D7 a . 
' Output High Current (Sourcing) 
PAQ-PA7, PBO-PB7 (TTL drive), 00-D7 pA 
PBO-PB7 (other. drive, e.g., Darlington) mA 
Output Low Current (Sinking) Vor = 0.4V 
PA0-PA7, PBO-PB7 


Input Capacitance 
2 Cox 30 pF 
_. Other _ Cn 10 pF 
oer Cpacane a 
a 


Notes: 
1. All units are direct current (DC). 





2. Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS _ : 
| 40-PIN CERAMIC DIP 
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Rockwell 


R6541Q « R6500/41, /42, /43 
R6500 Microcomputer System 


R6541Q, R6500/41, R6500/42 & R6500/43 
ONE-CHIP INTELLIGENT 
PERIPHERAL CONTROLLER 





INTRODUCTION 


The Rockwell R6541Q, 6500/41, R6500/42 and R6500/43 
One-Chip Intelligent Peripheral Controllers (IPC) are general 
purpose, programmable interface /O devices designed for use 
with a variety of 8-bit and 16-bit microprocessor systems. 


NOTE 


This document describes four Intelligent Peripheral Con- 
troller devices. In the text, the terms IPC or device will be 
used when describing all parts. The few differences will 
be described in the text using the terms R6541Q, 
Fesoe st: R6500/42 , ‘or 6500/43. 


The src Re500/41 IPC has an enhanced R6502 CPU, 
1.5K by 8-bit. ROM, 64 by 8-bit RAM, three VO ports with mul- 
tiplexed Special- functions, and a multi-function timet all’ con- 
tained within: a 40 pin package: 


For systems | requiring. additional V0 ports, the device is also: 


available in.a 64-pin QUIP version, R6500/42, that provides 
three additional: 8-bit ports. 


Another 64 pin QUIP version, R6500/43, is functionally equiv- 
alent to the R6500/41 except 4K addresses and a data bus are 
provided on pins, and the ROM size is optionally 256 or 0 bytes. 


The R6541Q, also a 64 pin QUIP version, is functionally iden- 
tical to the RG500/43 except it has no options. The part has no 
ROM and no port pull-up resistors. It can be used as an IPC 
microprocessor or as an emulator for the family. 


In ail versions, special interface registers allow these IPC devices 
to function as peripheral controllers for the 6500, 6800, Z80, 
8080, and other 8-bit or 16-bit host microcomputer systems. The 
innovative architecture and the demonstrated high performance 
of the R6502 CPU, as well as the instruction simplicity results 
in system cost-effectiveness and a wide range of computational 
power. These features make the device a leading candidate for 
IPC computer applications. 


FEATURES 


Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 
Asynchronous ‘Host interface that allows independent clock 
operation 
Input, Output.and Status Registers for CPU/Host data transfers 
Interrupt or polled data interchange with Host 
Enhanced 6502 CPU 
— Four new bit manipulation instructions: 

Set Memory. Bit (SMB). 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 


— Decimal and binary arithmetic modes 

—13 addressing modes 

—True indexing 

1. 5K, 256 or zero bytes mask-programmable ROM 
64-byte static RAM 

47 TTL-compatible vO lines (R6500/42) 

23 TTL-compatible |/O lines (all others) 

A 16-bit programmable counter/timer, with latch 
—Pulse width measurement 

— Pulse generation 

—Interval timer 

—Event counter 

Seven interrupts 

—Two.edge-sensitive lines: one positive, one negative 
—~Reset 

—Counter 

—Host data received 

—Output Data Register full 

—Input Data Register empty 

Multiplexed bus expandable to 4K bytes of external memory 


e Unmultiplexed bus for Peripheral I/O expansion 
e 68% of the instructions are. executed in less than 2us at 2 


MHz 

NMOS-3 silicon gate, depletion load technology 
Single +5V power supply 

40-pin DIP (R6500/41) 

64-pin QUIP (all others) 





Document No. 29000095 


Data Sheet Order No. D95 
Rev. 1, February 1983 
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Rockwell supports development of the R6500/41, R6500/42, 
- and R6500/43 with the System 65 Microcomputer develop- 
ment System and the R6500/* Family of Personality Mod- 
ules. Complete: in-circuit emulation with the R6500/* Family 
of Personality Modules allows total system test and evaluation. 


This document is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. A detaited descrip- 
tion of the R6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Order Number 


201). A.description of the instruction capabilities of the R6502 . 


CPU Is contained in the R6500 Microcomputer System Pro- 
gramming Manual (Order Number 202). . 


‘Additional information on the devices can be obtained from 
- the R6500/41 and R6500/42 Product Description (Order 
Number 2135) and the R6500/43 and R6541Q Product 
Description (Order Number 2136). _ 


One-Chip Intelligent Peripheral Controller 


MASK OPTIONS 


The R6500/41 provides for internal pull-up resistors on PA 
and PC ports as a mask. option. This option is available for 
port groups only, not for individual Port. lines, 


The R6500/42 has provision-for pull-up resistors on:PA, PC, 
PF, and PG ports as a mask option. This option is available 
for port groups only, not for individual port lines. 


The R6500/43 allows for.256 Bytes of ROM or no ROM, the 
Reset vector at FFFC or OFFC, and pull-up resistors on PA 
and PC ports as independent mask options. The port resistor 
options are available for Cee groups only, not for individual 
pert lines.. 


The RES410 has no options. It is configured with no ROM, 
Reset vector at FFFC, and no pull-up resistors. 





FUNCTIONAL DESCRIPTION 


The internal CPU or the device is a standard R6502 config- 
uration with the standard R6502 instructions, plus four new 
bit manipulation: ‘instructions. These new bit manipulator 
instructions form an enhanced R6502 instruction set and 
improve memory utilization efficiency and performance. 


_Set Memory Bit (SMB #,ADDR.) 


This instruction sets to “1” one bit of the 8- bit data field spec- 
ified by the zero page address (memory or I/O port). The first 
byte of the instruction specifies the SMB operation and which 
one of the eight bits to set. The second byte of the instruction 
designates the address (0- 255) of the byte or the [/O port to 
be operated on. 


Reset Memory Bit (RMB # ,ADDR.) 


This instruction has the.same operation and format as the 
SMB instruction except that a reset to. "0" results. 


Branch on Bit Set Relative (BBS #,ADDR.,DEST) 
This instruction tests one of-the eight bits designated by a 


3-bit immediate field within the first byte of the instruction. - 


The second byte designates the location of the byte or /O 
port to be tested within the zero page address range. The 
third byte of the instruction specifies the 8-bit relative address 
that the instruction will branch to if the tested bit is a 71”. If 
the bit. tested is. not set, the next sequential instruction is 
executed. 


‘Branch on Bit Reset Relative 

(BBR #,ADDR.,DEST) 

This instruction has the same operation and format as the 
BBS Instruction except that a branch occurs if the bit tested 
is a "0". 


Read Only Memory (ROM) 


The ROM consists of 1536 bytes of mask programmable: 


memory with an address space from FAOO to FFFF for the 
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R6500/41 ‘and R6500/42. The R6500/43 has an optional 256 
bytes of ROM at address space OF00 to OFFF. The R6541Q 
has no ROM. 


Random Access Memory (RAM) 


The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 


System Clock 


The device functions with an external clock. It is. fully asyn- 
chronous in reference to the Host computer’ timing. The 
device clock frequency equals the external clock frequency. 
It-is also made available for any external device synchroniz- 
ation at pin fa... 


Parallel input/output Ports 


All of. the devices except the R@500/42. have 23 vO lines 
grouped into three ports (PA, PB, PC). Ports A and C may 
be used either for input or output individually or in groups of 
any. combination. Port B may be used as all inputs or alt 
outputs. 


; Port A (PA) 


Port A can be programmed as a standard parallel 8-bit 1/0; 
port or, under software control, as a counter I/O line or pos- 
itive and negative edge detects. 


Port B (PB) | 

Port B can be programmed as an 1/O port. 

Port C (PC) 

Port C has seven pins and can be programmed as an I/O 
port. 

Ports E, F, and G (PE, PF, & PG) R6500/42 only 


The R6500/42 has all of the above ports A,B, and C, plus 
three extra ports (PE, PF, PG). Port E is outputs only. Ports 
F and’G are bidirectional in any combination. 
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Host Computer Interface 


The device will work witha variety of Host Computers. The 
HOST interface consists of a chip select, one. address line, 
two control lines, and an 8-bit 3-state data bus. Internat fogic 
(controlled by MCR4) configures the address and two control 
lines to either a 6500 of 8080 operational methodology. The 
interface is completely asynchronous and will work with a 
Host Computer up to a 5 MHz bus transfer rate. The device 
clock input frequency need not be the same as the Host’s. 
A miode control register is set to match the interface’to that 
of the Host device as follows: 


The device has an e-bit Input Data Register (IDR) and an 8- 
bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. 


The ODR serves as a temporary storage for data from the 
device to the Host. 


A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the Host Computer and the device: 


The Host Status Flag Register contains eight flag bits’ that 


can be read at any. time by either the Host or the device.. 


PEOPB7T Ol ti‘«t 
(00-07, TRESTATE)* 


AO, Ail, A2, A3, 
EMS, RW, INT)" 


"+980 
CONTROL REG | | conTRyLATCH 
INPUT DATA |.| OUTPUT DATA gz 
REG {Reo 





* MULTIPLEXED OPTION 


One-Chip Intelligent Peripheral Controller 
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Counter/Latch Logic 


The device contains a 16-bit counter and a 16-bit. latch 
associated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


Counter 
e Pulse width measurement 
e Pulse Generation 
e Interval Timer 
e Evert Counter 


Mode Control Register (MCR) 


The Mode Control Register contains control bits for the multi- 
function I/O ports, mode select bits for the Counter, anda 
selection bit for the type of Host interface. 


Interrupt Flag Register (IFR) 
and Interrupt Enable Register (IER) 


The device includes an.Interrupt Flag Register and.an Inter- 
rupt Enable Register which flags and controls I/O and counter 
status. 


s 


aa 


| exxemrs cxts | epee oer | DET 
ieee) 
ieee) 










Vo 

Ves ~ 5 
PAGPA7 
(PAO-PED) 
(PA1-NED) 
(PA2-CNTR) 


PBO-PB7 | 
(D0~D7, TRESTATE)* 







64 ee erres maw RAM | vores | B 

* PGO-PCB 
C——> (A0, Al, A2, Ad, 
p Ems, FW, tNT)* 

16 BIT 
= = 
weutoaTa || OUTPUT DATA 
REG . 2 REG 


PEO-PE7 , 
Darlington Output Only 


" MULTIPLEXEO OPTION 


One-Chip Intelligent Peripheral Controller 
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R6541Q.eR6500/41, /42, /43. One-Chip Intelligent Peripheral Controller 


KEY REGISTER SUMMARY 








CPU Registers Processor Status Register 

7 0 7 5 5 4 3 2 1 o 

(TF accumutator A 

7 3 a 

INDEX REGISTER Y = CANCE 

7 A 0 1 - Carry Set 

(x nvex resister x x 0 = Carry Clear 
is : - : Zero (2) (1) 
PROGRAM COUNTER PC 

ar 2 0 if ; 1 = Zero Result 


0 = Non-Zero Result 


STACK POINTER 38 
7 z 0 5 
In[v[ Je [o]t [2 [0] processon status nec P 


INTERRUPT DISABLE (1) (2) 
1 = IAQ Interrupt Oleabied 
0= IRQ Interrupt Enabled 

DECIMAL MODE (D) (1) 


1 = Decimal Mode 
Q = Binary Mode 





BREAK COMMAND (B) (1) 


1 = Break Command 
0 = Non-Break Command 





Mode Control Register 


- ea ie di 


SELECT MODE 


OVERFLOW (v) (1) 


1 = Overflow Set 
0 = Overflow Clear 


NEGATIVE {N) (1) 





NOTES u 9 ; 
(1) Not initialized by RES: 1 = Negative Value 
(2} Set to Logic 1 by RES 0 = Positive Vatue 













BUS MODE 
SELECT 
NOT USED ft) 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
; 1 0 EVENT COUNTER 
‘BUS SELECT 1 1 PULSE WIDTH MEASUREMENT aoe ? 
© = 6500/8800 BUS Interrupt Enable and Flag Registers 
1 = Zeq/8080 BUS : 
“INT SELECT 
1 = INT 
oe Q@ PORT 5B ALL INPUTS 
0 1 PORTBALLOUTPUTS | 
1 © ABBREVIATED-BUS MODE 
1 4 MULTIPLEXED BUS MODE 


\FR ADDR 0011 


‘Host Status Flag Register 


PAD POSITIVE 
EDGE DETECT 


ADDR O01E INTERRUPT ENABLE 


PA1 NEGATIVE 
€DGE DETECT 
INTERAUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST INTERRUPT ENABLE 










EXTERNAL INTERAUPTS REQUEST 1, 


INPUT DATA REGISTER INTCENABLE 
PUCCELAG EXTERNAL INTERAUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 
INTERRUPT ENABLE 


OUTPUT DATA REGISTER 
FULL FLAG. 


Host Addressing Matrix 


ee ee 
HOST COMMAND 
STATUS FLAG INPUT 


DATA REG DATA REG 
INPUT OUTPUT 






COPIES AS ON 
WRITE FROM HOST 






GENERAL PURPOSE 
FLAGS STATUS REGISTER 
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cs 

£ (RD) 
RIW (WA) 
AS (Ad) 
HDO 

HD1 

HO2 

HD3 

HD4 


FIGURE 2-2. 





















ag 


0,310 MAX 
(7.87 MM) 


0.190 MAX 
(4.82 MM) 


0.155 MAX 
(3.93 MM) 


DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 


interface Diagram 





2.050 MAX 
(51.30 MM) 


20 21 


“ie 


0.500 MAX 
(15.24 MM) 


R6500/41 Pin Out Designation 
(40 PIN DIP) 


(1.85 MM) 0.065 
(7.01 MM) 0.040 





10 MAX 


40 PIN DIP 


0.100 MIN 
(2.54 MM) 





One-Chip Intelligent Peripheral Controller 





0.010 MIN 
(0.25 MM) 


/~+—____ 


(48.51 MM) 
(48,00 MM) 


19 EQUAL SPACES 
0.100 & TOL NONCUM. 
(2.54 MM) 


ye 


TYP, 
(0.55 MM) 0.022 


(0.45 MM) 0.018 


FIGURE 2-3. R6500/41 Dimensional! Outline 
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Interface Diagram 


COON AM EON — 


1 
2 
3 
4 
5 
é 
? 
8 
9 
10 


5 
R6é5410 4 R6500/42 


& 
Aeso0/43 





FIGURE 2-4. R6541Q, R6500/42 & R6500/43 Pin Out Designations 
ae (64 PIN QUIP) 


























(3.81 MM) 
+. ; 
020 TYP 
(.508 MM) | 
1.628 
(41.35 MM) | 
i 
Sg 
m é 
rs) 
Cc 
> 
r 1 
% 
Fad 3 
o ; es 
a 
' once 4 | Be et 
680 (1 .27 MM) pean 
~t-—_—— (17.27 MM) TYP 
.925 
~+—_—— (23.495 MM) 
“< .750 
| {19.05 MM) 
"ar (gy ee | 
.200 
(5.08 MM) 
fs ae ( ' 1 
£ f f & 
64 PIN QUIP 


FIGURE 2-5. 64 PIN QUIP Dimensional Outline 
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ELECTRICAL SPECIFICATIONS 


Maximum Ratings 





SvYMBOL VALUE 


Supply Voltage Vee -0.3 to +7.0 





Input Vatage “0310 770 

Operating Tamperature Range, T Oto +70 
Commercial 

Storage Temperature Range -65 to +150 


This device contains circuitry to prolect the inputs against damage due to high static vollages, however. it is advised thal normal precautions - 
be taken to avoid application of any voltage higher than maximum rated vollages ta this circuit. 





0.c. Characterlatics (Vic = 6V + 5%; Vss = 0) 





CHARACTERISTIC © ‘SYMBOL — MIN TYP MAX UNITS 





+ 
Power Dissipation (Outputs High) P, mw 
Commercial 0°C to ~ 70°C — _ 500 _ : 































input High Voltage (Normal Operating Levels) Vin ~2.0 _— Vee Vde 
; Te 
Input Low Voltage (Normal Operating Levels} Vi ~0.4 — -0.8 — Vde 
Input Leakage Current hy -10.0 +10.0 pAdc 
Vie = 0 to 5.25 Vde : . a 
Input Low Current la -1.0 “4.6 mAdc | 
(V,. = 0.4 Vac). | 
1 
Qutput High Vollage Vou -24 _— Vee Vde | 
(Vee = MIN, hooe = ~ 100 wAde) | 





Output High Voltage ” Vewos Veo —30% 
(Vee = min) 


















Output Low Voliage 
(Vee = MIN, heas = 1.6 MAdc) 


Output High Current (Sourcing) 
(Von = 2.4 Vde) 


Output Low Current (Sinking) 
(Vo. = 0.4 Vde} 


Darlington Current Drive, PE* lon 
{Von = 1.5 Vde} 


Output Low Current, PE* 
(Vo. = 0.4 Vdc) 


Input Capacitance 
(Vin — 0, T, = 25°C, F = 1.0 MHz) 
PA, PB, PC, PF*, PG* 


Output Capacitance 
(Vin — 0, T, = 25°C, f 


HQ Port Resistance 
PAQ-PA7, PCO-PC6 
PFO-PF7, PGO-PG7 


















































= 1.0 MHz) 



























NOTE: Negative sign indicates outward currant flow, positive indicates inward flow. Vee = SV + 5%. “RGS00/42 only. 
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R6545-1 


R6545-1 


CRT CONTROLLER (CRTC) 





Rockwell 


DESCRIPTION 


The R6545-1 CRT Controller (CRTC) interfaces an 8-bit micro- 
processor to CRT raster scan video displays, and adds an 
advanced CRT controller to the established and expanding line 
of R6500, RGS500/” and R65CO0 microprocessor, microcom- 
puter and peripheral device products. 


The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses which-allow up to 16K characters 
with 32 scan lines per character to be addressed. A major 
advantage of the R6545-1 is that the refresn memory may be 
addressed in either straight binary or by.row/column. 


Other functions in the R6545-1 include an internal cursor reg- 
ister which generates a cursor. output when its contents are 
equal to the current refresh address. Programmable cursor start 
and end registers allow a cursor of up to the full character scan 
in height to be placed on any scan lines of the character. Vari- 
able cursor display blink rates are provided. A light pen strobe 
input allows capture of the current refresh address in an internal 
light pen register. The refresh address lines are configured to 
provide direct dynamic memory refresh. 


All timing for the video refresh memory signals is derived trom 
the character clock input. Shift register, latch, and multiplex con- 
trol signals (when needed) are provided by external high-speed 
timing. The mode control register allows noninterlaced video 
display modes at 50 or 60 Hz refresh rate. The internal status 
register may be used to monitor the R6545-1 operation. The 
RES input allows the CRTC-generated field rate to be dynam- 
ically-synchronized with line frequency jitter. 


ORDERING INFORMATION 


Part Number: A6545-1__ _ 
_ Operating Temperature (T, to Ts) 
No letter = 0°C to 70°C 
E = —40°C to 85°C 


Package 
P = Plastic 
C = Ceramic 


Operating Frequency 
No Letter = 1 MHz 
A = 2 MHz 





FEATURES 


Compatible with 8-bit microprocessors 

e Up to 2.5 MHz character clock operation 

Refresh RAM may be configured in row/column or straight 
binary addressing 

Alphanumeric and fimited graphics capability 

Up and down scrolling by page, line, or character 
Programmable Vertical Sync Width 

Fully programmable display (rows, columns, character matrix) 


Video Display RAM may be configured as part of micropro- 
cessor memory field or independently slaved to R6545-1 
(Transparent Addressing) 


Non-interlaced scan 

50/60 Hz operation 

Fully programmable cursor 

Light pen register 

Addresses refresh RAM to 16K characters 
No external DMA required 

Internal status register 

40-Pin ceramic or plastic DIP 
Pin-compatible with MC6845 

Single +5 +5% Volt Power Supply 


vss 

RES 
LPEN 
CCO/MAO 
CC1/MA1 
CC2/MA2 
CC3/MA3 
CC4/MA4 
CC5/MAS 
CC6/MAE6 
CC7/MAT 
CRO/MAB 
CRI/MAS 
CR2/MA10 
CR3/MA11 
CR4/MA12 
CRS/MA13 
DISPLAY ENABLE 
CURSOR 
vcc 


@noaaonwn 
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INTERFACE SIGNAL DESCRIPTION 


Figure 1 illustrates the interface between the CPU, the R6545-1, 
and the video circuitry. Figure 2 shows typical timing waveforms 
at the video interface. 


CPU VF 


VIDEO I/F 


HSYNC 
VSYNC 
-DISPLAY ENABLE 


MAO-MA13 RAO-RA4 
REFRESH RAM AND CHARACTER ROM 


Figure 1. RA6545-1 Interface Diagram 


CPU INTERFACE 


§2 (Phase 2 Clock) 


The Phase 2 (82) input clock triggers all data transfers between 
the system processor (CPU) and the R6545-1. Since there is 
no maximum limit to the allowable 2 clock time, it is not nec- 
-essary for it to be a continuous clock. This capability permits 
the R6545-1 to be easily interfaced to non-6500 compatible 
microprocessors. 


-R/W (ReadMrite) 


The R/W input signal generated by the processor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the R6545-1, a low on 
the R/W pin allows data on data lines DO-D7 to be written into 
the R6545-1. 


CS (Chip Select) 


The Chip Select input is normally connected to the processor . 


address bus either directly or through a decoder. The R6545-1 
is selected when CS is low. 


RS (Register Select) 


The Register Select input accesses internal registers. A low on 
this pin permits writes (R/W = low) into the Address Register 
and reads (R/W = high) from the Status Register. The contents 
of the Address Register is the identity of the register accessed 
when RS is high. 


DO-D7 (Data Bus) 


The eight data lines (DO-D7) transfer data between the pro- 
cessor and the R6545-1. These lines are bidirectional and are 
normally high-impedence except during read cycles when the 
chip is selected (CS = low). 
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VIDEO INTERFACE 


HSYNC (Horizontal Sync) 


The HSYNC active-high output signal determines the horizontal 
position of displayed text. It may drive a CRT monitor directly 
or may be used for composite video generation. HSYNC time 
position and width are fully programmable. 


VSYNC (Vertical Sync) 


The VSYNC active-high output signal determines the vertical 
position of displayed text. Like HSYNC, VSYNC may.drive a 
CRT monitor or composite video generation circuits. VSYNC 
time position and width are both programmable. 


DISPLAY ENABLE (Display Enable) 


The DISPLAY ENABLE active-high output signal indicates when 
the R&545-1 is generating active display information. The number 
of horizontal display characters per row and the number of ver- 
tical display rows are both fully programmable and together gen- 
erate the DISPLAY ENABLE signat. DISPLAY ENABLE delays 
one character time by setting bit 4 of R8 to a 1. 


CURSOR (Cursor Coincidence) 


The CURSOR active-high output signal indicates when the scan 
coincides with the programmed cursor position. The cursor 
position is programmable to any character in the address fieid. 
Furthermore, within the character, the cursor may be pro- 
grammed to be any block of scan lines, since the start scan line 
and the end scan fine are both programmable. The cursor 
position may be delayed by one character time by setting Bit 5 
of R8 toa. 


LPEN (Light Pen Strobe) 


The LPEN edge-sensitive input signal loads the internal Light 
Pen Register with the contents of the Refresh Scan Counter at 
the time the active edge occurs. The low-to-high transition 
activates LPEN. 


CCLK (Clock) 


The CCLK character timing clock input signal is the time base 
for all internal count/control functions. 


RES 


The RES active-low input signal initializes all internal scan 
counter circuits. When RES is low, all internal counters stop and 
clear all scan and video outputs go low with no affect on control 
registers. RES must stay low for at teast one CCLK period. All 
scan timing initiates when RES goes high. In this way, RES can 
synchronize display frame timing with line frequency. RES may 
also synchronize multiple CRTC’s in horizontal and/or vertical 
split screen operation. 
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REFRESH RAM AND CHARACTER ROM . RAO-RA4 (Raster Address Lines) 
INTERFACE These five active-high output. signals’ select each raster scan 
oe : within an individual character row. The number of raster scan 
MAO0-MA13 (Refresh RAM Address Lines) | lines is programmable and determines the character height, 
These 14 active-high output signals address the Refresh RAM including spaces between character rows. 
for character storage and display operations. The fully program- 
mable starting scan’address and ending scan address deter- The high-order line, RA4, is unique in that it can afso function 
mines the total number ‘of. characters displayed, in terms: of ‘as a strobe output pin when the R6545-1 is programmed to 
characters/line and lines/frame. operate in the: “Transparent Address Mode.” In this case the 
strobe is an active-high output and is true at the time the Refresh 
There are two selectable address modes for MAO-MA13: RAM update address gates.on to the address lines, MAO-MA13. 
. 7 ae In this way, updates. and readouts of the Video Display RAM 
In the straight binary mode (A8, Mode Control, bit 2 = 0), char- can be made under control of the A6545-1 with only a small 
acters are stored in successive memory locations. Thus, the amount of external circuitry. , 


software design..must translate row and column character 
coordinates into sequentially-numbered addresses. In the row/ 
column mode (R8, Mode Control, bit 2 = 1), MAO-MA7 become 
cotumn addresses CCO-CC7 and MA8-MA13 become row 
addresses CRQ-CRS. In this case, the software manipulates 
characters in terms of row and column locations, but additional 
address compression circuits are needed to convert the CCO0- 
CC7 and CRO-CR5 addresses into a memory-efficient binary 
address scheme. OO 








1 COMPLETE FIELD (VERTICAL TOTAL) 









VERTICAL DISPLAYED 


DISPLAY | 


HSYNC 


VSYNC J . oe | 
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1 COMPLETE SCAN LINE (HORIZONTAL TOTAL) 
HORIZONTAL DISPLAYED - 


DISPLAY | | 


ENABLE | | | 


HSYNC 





MAO-MA13 





RAO-RA4 





Figure 2. Vertical and Horizontal Timing 
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R6545-1 CRT Controller (CRTC) 
INTERNAL REGISTER DESCRIPTION STATUS REGISTER (SR) | 


Table 1 summarizes the internal registers and indicates their | 7{[6fs [4]3]e2]31fo0 | 
address selection and read/write capabilities. ur lur{[ver{[—f[—{[—|—-f— | 


This 8-bit register contains the status of the CRTC. Only three 


fs [| 4f3]2]1]o0 | bits are assigned, as follows: 
p= [Ae | As | Ae | Ar | Ao | SR 


This 5-bit write-only register is used as a “pointer” to direct ae 
CRTC/CPU data transfers within the CATC. It contains the 
number of the desired register (0-31). With CS and RS low, this 
register may be loaded; with CS low and RS high, the selected 
register is the one whose identity is stored in this address 
register. 





ADDRESS REGISTER 
eae 
UR —Update Ready 

This bit goes to 0 when register R31 has been either 


read or written by the CPU. 
This bit goes to 1 when an Update strobe occurs. 





—_ 


.6 LRF —LPEN Register Full 
0 Register R16 or R17 has been read by the CPU. 
1 LPEN strobe has been received. 


5 VRF —Vertical Re-Trace 

0 Scan is not currently in the vertical re-trace time. 

1 Scan currently in its vertical re-trace time. Note that 
this bit actually goes to a 1 when vertical re-trace 
starts, but goes to a 0 five character clock times 
before vertical re-trace ends to ensure that critical tim- 
ings for refresh RAM operations are avoided. 


40 —Not used. 


Table 1. Internal Register Summary 


Reg. 
No. 


ianeaaeeeos] 


Horta: Syne Position 


VSYNG, HSYNC Widths | # Scan Lines and. 
# Char. Times 


# Charac. Row 
# Scan Lines 
Chara. Ro 
# Char. Row 
# Sian tes 
Sean Une Na 
Sean une No 
‘ 
r 
Pee TP [ast | eure tection 


Notes: (e] Designates used bit in register 
ee Designates unused bit in register. Reading this bit is always Q, axcept for R31, which does 
not drive the.data bus at all. and for CS = 1 which operates likewise. 
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RO—HORIZONTAL TOTAL CHARACTERS 


Lee ee dk ee) et ao oo 


This 8-bit write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. This 
register determines the frequency of HSYNC. 


R1—HORIZONTAL DISPLAYED CHARACTERS 


EBS ERS EZEAEIEoE SS 
NUMBER OF CHARACTERS 


This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 


R2—HORIZONTAL SYNC POSITION 










ee ee 


This 8-bit write-only register contains the position of HSYNC on 
the horizontal line, in terms of the character location number on 
the line. The position of the HSYNC determines the left to right 
location of the displayed text on the video screen. In this way, 
the side margins are adjusted. 


R3—HORIZONTAL AND VERTICAL SYNC WIDTHS 





This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 


HVSW 
7-4 VSYNC Pulse Width 

The width of the vertical sync pulse (VSYNC) in the 

number of scan lines, When bits 4-7 are all 0, VSYNC 


is 16 scan lines wide. 


HVSW 
30 HSYNC Pulse Width 
The width of the horizontal sync pulse (HSYNC} in 


the number of character clock times (CCLK). 


Control of these parameters allows the A6545-1 to interface with 
a variety of CRT monitors, since the HSYNC and VSYNC timing 
signals may be accommodated without the use of external one 
shot timing. 


R4—VERTICAL TOTAL ROWS 


e | 5 | 4 {3 [2 |]14 0 
a NO. OF CHAR. ROWS —1 


The 7-bit Vertical Total Register contains the total number of 
character rows in a frame, minus one. This register, along with 
R5, determines the overall frame rate, which should be close 
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to the line frequency to ensure flicker-free appearance. If the 
frame time is adjusted to be longer than the: period of the line 
frequency, then RES may provide absolute synchronism. 


R5— VERTICAL TOTAL LINE ADJUST 


ee A 
= = sean 


The 5-bit write-only Vertical Total Line Adjust Register (R5) con- 
tains the number of additional scan lines needed to complete 
an entire frame scan and is intended as a fine adjustment for 
the video frame time. 


R6é—VERTICAL DISPLAYED ROWS 


a Pare 


DISPLAYED CHAR. ROWS 


This 7-bit write-only register contains the number of displayed 
character rows in each frame. This determines the vertical size 
of the displayed text. 


R7—VERTICAL SYNC POSITION 


Ace eee ae 


VERTICAL POSITION 


This 7-bit write-only register selects the character row time at 
which the vertical SYNC pulse is desired to occur and, thus, 
positions the displayed text in the vertical direction. 


R8—MODE CONTROL (MC) 





r[*[*[* [1 ae 
Poway fusm| osk foes [ara [ans | — | a 


This 8-bit write-only register selects the operating modes of the 
R6545-1, as follows: 


UM(T) —Update/Read Mode (Transparent Mode) 
Update occurs during horizontal and vertical blanking 
times with update strobe. 

Update interleaves during 42 portion of cycle. 


oN 


woh 


US(T) —Update Strobe (Transparent Mode) . 
Pin 34 functions aS memory address. 
Pin 34 functions as update strobe. 


= ola & 


CSK —Cursor Skew 
No delay 
Delays Cursor one character time. 


+9|0% 


DES -—Displtay Enable Skew 
No delay 
Display Enable delays one character time. 


- ola 
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Mc 
_3. RRA —Refresh RAM Access 
0. Shared memory access 
1 Transparent memory access 
Mc 
2 RAD —Refresh RAM Addressing Mode 
0 Straight binary addressing 
1 Row/column addressing 
MC 
1 —Not Used—don't care 
Mc 
oO —Not Used—must be a 0. 


RS—ROW SCAN LINES 
Peewee be (een 
p= = [= savines 


This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 


R10—CURSOR START LINE 


cae 


R11—CURSOR END LINE 


[wie Peja ieee aie. | 
P= T= T= [eno sented 


These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of R10 are 
‘used to select the cursor blink mode, as follows: 


Cursor Operating Mode 


Display Cursor Continuously 


Blank Cursor ; 
Blink Cursor at 1/16 Field Rate 
Blink Cursor at 1/32 Field Rate 





A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R11) reg- 
isters and into the Cursor Position Address High (R14) and 
Cursor Position Low (R15) registers. 


R12—DISPLAY START ADDRESS HIGH 


ase es ese Eee 
| = | =| disPLay START ADDRESS HIGH | 


R13—DISPLAY START ADDRESS LOW 


Pcs ee 
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These registers form a 14-bit register whose ‘contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display is 
accomplished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of text to 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. 


R14—CU RSOR POSITION HIGH 


Peake seats Ae See 
| — | — | CURSORPOSITIONHIGH | 


R15—CURSOR POSITION LOW 


BARS EXE EA ee 


CURSOR POSITION LOW ; 









These registers form a 14-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this reg- 
ister, and when the scan line counter (AA lines) falls within the 
bounds set by R10 and R11, then the CURSOR output becomes 
active. Bit 5 of the Mode Control Register (R&) may. be used to 
delay the CURSOR output by a full CCLK time to accommodate 
slow access memories. 


A cursor of up to 32 characters in height can be displayed on 
and between the scan lines as toaded into the Cursor Start Line 
{R10) and Cursor End Line (R11) Registers. 


The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The 
cursor can be positioned in any of the 16K character positions. 
Hardware paging. and data scrolling is thus allowed without loss 
of cursor position. Figure 3 is an example of the display cursor 
scan line. 





UNDERLINE OVERLINE 


AOWODVAUAWN=AG 
=“OVONO FAUNA 


a ot 


=ObBVHHAWN-O 
—_ > 


—— 


‘CURSOR START 
LINE = 1% 


CURSOR START 
LINE = 1 


CURSOR END 
LINE = 10 


CURSOR END 
LINE =-9 


CURSOR END 
LINE =9 


Figure 3. Cursor Display Scan Line Control Examples 
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R16—LIGHT PEN HIGH 


ae me 
P=[-{ Pane 


R17—LIGHT PEN LOW 


Ee aed ee pon 


These registers form a 14-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from: 
low to high, then, on the next negative-going edge of CCLK, the 
contents of the internal scan counter is stored in registers R16 
and R17. 





R18—UPDATE ADDRESS HIGH 


eee ea se fea | 
| ~ | — |] vPpareappressHicH | 


R19—UPDATE ADDRESS LOW 


Pmice ears ae oe 









These registers together comprise a 14-bit register whose con- 
tents is the memory address at which the next read or update 
will occur (for transparent address mode, only). Whenever a 
read/update occurs, the update location automatically incre- 
ments to. allow for fast updates or readouts of consecutive char- 
acter locations. This is described elsewhere in this document. 
The section on REFRESH RAM ADDRESSING describes this 
more fully. 


R31—DUMMY LOCATION 


ea 
This register does not store any data, but is required to detect 
when transparent addressing updates occur. This is necessary 


to increment the Update Address Register and to set the Update 
Ready bit in the status register. 


REGISTER FORMATS 


Register pairs R12/R13, R14/A15, R16/R17, and R18/A19 are 
formatted in one of two.ways: 


(1) Straight binary, if register A8, bit 2 = 0 

{2) Row/Column, f register R8, bit 2 = 1. In this case the low 
byte is the Character Column and the high byte is the Char- 
acter Row. 


NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO) 


eco kh _ OOOO 
NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 


DISPLAY START ADDRESS HIGH (R12)* 
DISPLAY START ADDRESS LOW (R13)* 


NUMBER OF 








SCAN LINES (R39) 








CURSOR START LINE (R10) 





NUMBER OF 
VERTICAL 
DISPLAY 
ROWS 

(RG) 


NUMBER OF 
VERTICAL 
TOTAL 


(R4) 


ROWS DISPLAY PERIOD 


CURSOR END LINE (R11) 


CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (R15) 


HORIZONTAL 
RETRACE 
PERIOD 
(NON-DISPLAY) 


VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 


VERTICAL 





TOTAL { 
ADJUST (R5) * 











Figure 4. Video Display Format 
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DESCRIPTION OF OPERATION Shared Memory Mode (R8, BIT 3 = 0) 


In this mode, the Refresh RAM address lines (MAO0-MA13) 


VIDEO DISPLAY directly retiect the contents of the internal refresh scan character 


Figure 4 indicates the relationship of the various program reg- counter. Multiplex control, to permit addressing and selection of 
isters in the R6545-1 and the resuttant video display. the RAM by both the CPU and the CRTC, must be provided 

7 ' “ external to the CRTC. In the Row/Column. address mode, lines 
Non-displayéd areas of the Video Display are for horizontal and MAO-MA7 become character column addresses (CCO-CC7) and 
vertical retrace functions of the CRT monitor. The horizontal and MA8-MA13 become character row addresses (CRO-CRS). Figure. 
vertical sync signals, HSYNC and VSYNC;, are programmed to 5 illustrates the system configuration. 


occur during these intervals and trigger the retrace in the CAT 
- monitor. The pulse widths are constrained by the monitor 


requirements. The time position of the pulses may be adjusted Transparent Memory Addressing 


muon ine clepey. meigins (left, flaht top. and: Perem): For this mode, the display RAM is not directly accessible by the 


CPU, but is controlled entirely by the R6545-1. Ail CPU accesses 
REFRESH RAM ADDRESSING are made via the R6545-1 and a small: amount of external cir- 
There are.two modes of addressing fo for the video display memory: cuits: Figure-6 shows the system configuration for this. approach. 


RG545-1 
CRT CONTROLLER DISPLAY ENABLE 


TO 
VIDEO 
CIRCUITS 


MAO-MA13 


om, ONTENTIO SHIFT 
CONTROL ‘REGISTER 





wy, A “! 
CHARACTER SCAN LINE. 
DATA : DOT PATTERN 


“RES45-1 
CRT CONTROLLER 


MAO-MA13 





CHARACTER CHARACTER 
DATA DATA 





Figure 6. Transparent Memory Addressing System Configuration 
(Data Hold Latch Needed for Horizontal/Vertical Blanking Updates, Only). 
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ADDRESSING MODES viable technique, since the Display Enable signal controls. the 
; actual video display blanking. Figure 7 illustrates Refresh RAM 

Figure 7 illustrates the address sequence for both modes of the addressing for both row/column and binary addressing for 80 

Refresh RAM address. columns and 24 rows with 10 non-displayed columns and 10 

; non-displayed rows, - 

Row/Column 

In this mode, the CRTC address lines (MAO-MA13) generate as ois that the straight-binary mode has the advantage that all 

8 column (MAO-MA7) and 6 row (MA8-MA13) addresses. Extra display memory addresses are stored in a continuous memory 


hardware is needed to compress this addressing into a straight block, starting with address 0 and ending at 1919. The disad- 
binary sequence in order to conserve memory in the refresh vantage with this method is that, if it is desired to change a dis- 
RAM (register 'R8, bit 2 is a 1). Played character location, the row and column identity of the 

location must be converted to its binary address before the 
memory may be written. The. row/column mode, on the other 


Binary hand, does not need to undergo this conversion. However, 
in this mode, the CRTC address lines are straight binary and memory is not used as efficiently, since the memory addresses 
no compression circuits are needed. However, software com- are not.continuous, gaps exist. This requires that the system be 
plexity increases since the CRT characters cannot be stored in equipped with more memory than actually uséd and this extra 
terms of their row and column locations, but must be sequential memory is wasted. Alternatively, address compression logic 
(register R8, bit 2 is a 0). may be employed to translate the row/column format into a con- 


tinuous address block. 


USE OF DYNAMIC RAM FOR REFRESH MEMORY The user selects whichever mode is best for the given appii- 


The R6545-1 permits use of dynamic RAMS as storage devices cation. The trade-offs between the modes are software versus 
for the Refresh RAM by continuing to increment memory hardware. Straight-binary mode minimizes hardware require- 
addresses in the non-display intervals of the scan. This is a ments and row/column minimizes software requirements. . . 





—~ TOTAL = 90 


DISPLAY Ee = | aimliberias (MAO-MA7) 
[ a | peace aoa. 
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Figure 7. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 
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MEMORY CONTENTION SCHEMES FOR 
SHARED MEMORY ADDRESSING 


From the diagram of Figure 5, it is clear that both the R6545-1 
and the system CPU must address the video display memory. 
The R6545-1 repetitively fetches character information to gen- 
erate the video signals in order to keep the screen display 
active. The CPU occasionally accesses the memory to change 
the displayed information or to read out current data characters. 
Three ways of resolving this dual-contention requirement are 
apparent: 


e CPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the R6545-1 unless the CPU 
needs access, in which case the CPU addresses immediately 
override those from the R6545-1 giving the CPU immediate 
access. — 


e $1/¢2 Memory Interleaving 


This method permits both the R6545-1 and the CPU access 
to the video display memory by time-sharing via the system 
@1 and $2 clocks. During the 1 portion of each cycle (the 
time when ¢2 is low), the R6545-1 address outputs are gated 
to the video display memory. In the 2 time, the CPU address 
lines are switched in. In this way, both the R6545-1 and the 
CPU have unimpeded access to the memory. Figure 8 illus- 
trates the timings. 


CPU CYCLE CPU CYCLE 


VIDEO 


DISPLAY Regas-1 cPU R6545-1 cpu 
MEMORY MA0-MA1I3 ADDRESS MAO-MA13 ADORESS 
ADDRESSES 





Figure 8. ¢1/¢2 Interleaving 


e Vertical Blanking 


With this approach, the address circuitry is identical to the 
case for CPU Priority updates, The only difference is that the 
Vertical Retrace status bit (bit 5 of the Status Register) is 
used by the CPU so that access to the video display memory 
is only made during vertical blanking time (when bit 5 Is a 1). 
In this way, no visible screen perturbations result. See Figure 
10 for details. 
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TRANSPARENT MEMORY ADDRESSING 


In this mode of operation, the video display memory address 
lines are not switched by contention circuits, but are generated 
by the A6545-1. In effect, the contention is handled by the 
R6545-1. As a result, the schemes for accomplishing CPU 
memory access are different: 


e 1/62 Interleaving 


This mode is similar to the Interleave mode used with shared 
memory. In this case, however, the 2 address is generated 
from the Update Address Register (R18 and R19) in the 
R6545-1. Thus, the CPU must first load the address to be 
accessed into R18/R19 and then this address is always gated 
onto the MA lines during $2. Figure 9 shows the timing. 


~——— CPU CYCLE CPU CYCLE 


DISPLAY UPDATE DISPLAY UPDATE 





Figure 9. ¢1/¢2 Transparent interleaving 


e Horizontal/Vertical Blanking 


In this mode, the CPU loads the Update Address, but is only 
gated onto the MA lines during horizontal or vertical blank 
times, so memory accesses do not interfere with the display 
appearance. To signal when the update address is on the MA 
fines, an update strobe (STB) is provided as an alternate 
function of pin 34. Data hold latches are necessary to tem- 
porarily retain the character to be stored until the retrace time 
occurs. In this way, the system CPU is not halted waiting for 
the blanking time to. arrive. Figure 11 illustrates the address 
and strobe timing for this mode. 


CURSOR AND DISPLAY ENABLE SKEW CONTROL 


Bits 4 and 5 of the Mode Control register (R8) are used to delay 
the Display Enable and Cursor outputs, respectively. Figure 12 
illustrates the effect of the delays. 








R6545-1 CRT Controller (CRTC) 


VERTICAL DISPLAYED 


‘VERTICAL 
BLANKING 


DISPLAY 
ENABLE 


VERTICAL 

BLANKING 

STATUS 

BIT =]. 

(STATUS __ “0” = DISPLAY ACTIVE 
REGISTER 

BIT 5) { 


“4° = VERTICAL 
SWITCHES STATE AT BLANKING 
END OF LAST DISPLAYED ACTIVE 
SCAN. LINE. 





Figure 10. Operation of Vertical Blanking Status Big 
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R6545-1 | CRT Controller (CRTC) 





| 
—+ HORIZONTAL/VERTICAL BLANKING 
| 





l 
| 
| 





DISPLAY 


ENABLE NON-DISPLAY 


CAT DISPLAY . 
ADDRESSES | { CRT DISPLAY ADDRESSES 


Sy Ob OO ON = (VAUUVANUAALY OO 0 





Figure 11. Retrace Update Timing 


(WITH DELAY) | | 


DISPLAY woven | 


ENABLE 
POSITIVE 


EDGE 
(WITH DELAY) 


(NO DELAY) 
DISPLAY : i 


ENABLE 
NEGATIVE 


EDGE (WITH DELAY) | 


Figure 12. Cursor and Display Enable Skew 
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R6545-1 0 CRT Controller (CRTC) 


WRITE TIMING CHARACTERISTICS (Veo = 5.0V + 5%, a 0 ie Te, tanless GthenWise nolad) 





Symbol . Characteristic 


nore Cyéle Time 


$2 Pulse:Width 








We Address Set- Up Time 


tcanH Address Hold’ Time — 


AW Set-Up Time 


town R/W Hold Time 


Data Bus: Set-Up Time: 





Data Bus Hold Time 
(ty and t; = 10 to 30 ns) 





READ TIMING CHARACTERISTICS (v,, =5.0V + 5%, Ta =T, to Ty, unless otherwise noted): 


Symbol Characterlstic 
Cycle Time. 
$2 Pulse Width 
- Address Set-Up Time 


tcar Address Hold Ti 
twer - R/W Set- Up Time 


tcpr Read Access Time (Valid Data) 








tua Read Hold Time 





tepa Data Bus Active Time (invalid Data) 
(th and tr = 10 to 30 ns) 











WRITE TIMING WAVEFORMS READ TIMING WAVEFORMS 





DATA BUS 
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R6545-1 _ | CRT Controller (CRTC) 





MEMORY AND VIDEO INTERFACE CHARACTERISTICS 


(Veco = 5.0V + 5%, Ta = TL to Ty, unless otherwise noted) 











TRANSPARENT ADDRESSING 
WAVEFORMS (¢1/62 INTERLEAVING) 


trap 


SYSTEM TIMING WAVEFORMS 






trap 


tecy 





tecn 
CCLK 


x 
OUTPUTS 
(SEE TABLE). 


LPEN Hold Time 
LPEN Setup Time 


CCLK to LPEN Delay . = 






“UPDATE 
ADDR 


MAO- DISPLAY 
MA13 ADDR 






Note: 
tr, te = 20 ns (max) 


MAO-MA13 


NOTE: “Safe” time position for LPEN positive edge to cause 
address n+2 to load into Light Pen Register. 
tip, and t,p, are time positions causing uncertain results. 
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R6545-1_ 


CRT Controller (CRTC) 





ABSOLUTE MAXIMUM RATINGS* 


ae PS SS 


Commercial 0 to +70 
* Industrial’ —40 to +85 


ee psorage Temperature —55 to +150 re | 





















Operating Temperature Range 










DC CHARACTERISTICS’ 


Characteristic 


Input High Voltage 


Input Low Voltage 
‘ Input Leakage (#2, FYW, RES, CS, RS, LPEN, CCLK) 


Three-State Input rie (D0-D7) ' 
(Vin = 0.4 to 2.4) 


Output High Voltage" : 
lLoap = 205 pAdc (B0- D7) 
. Ihoan = 100 wAde (all ole 


Output Low Voltage 
odd = 1.6. mAde 


Power Dissipation 
Input Capacitance 


f2, R/W, RES, CS, RS, LPEN,. -CCLK 
D0-D7 


Output Capacitanca 


| TEST LOAD 


= 11K0 FOR DO-D7 
. = 24KQ FOR ALL OTHER QUTPUTS 
c= = 130 pF TOTAL FOR D0-D7 

= 30 pF ALL OTHER OUTPUTS 
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*NOTE: Stresses above those listed under “Absotute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only and functional operation. of the device at 
these or any other conditions. above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute. maximum rating conditions for extended periods 
may affect device reliability. 


(Veg = 5.0V + 5%, Ta = Ti to Tu: unless otherwise noted) «. 


‘RE545-1 CRT Controller (CRTC) 
PACKAGE. DIMENSIONS 


40-PIN CERAMIC DIP 











2.030 
0.610 
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Rockwell 


DESCRIPTION 

The Rockwell R6551 Asynchronous Communications Interface 
Adapter (ACIA). provides an easily implemented, program con- 
trolled interface between 8-bit microprocessor-based systems 
and serial communication data sets.and modems. 


The ACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at '/16 times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram contro! to be either the Transmitter rate, or at '/16 times 
the external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1%, or 
2 stop bits. , 


The ACIA is designed for maximum programmed control from 
the microprocessor. (MPU), to simplify hardware implementa- 
tion, Three separate registers permit the MPU to easily select 
‘the R6551’s operating’ modes and data checking parameters 
and determine operational status. 


The Command Register controls parity, receiver echo mode, 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 


The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 


The Status Register indicates the states of the !RQ, DSR, and 
DCD tines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 


The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


ORDERING INFORMATION 


Part No.: R6551___ a 
L. Temperature Range (T, to Ty): 
Blank = 0°C to +70°C 
E = —40°C to +85°C 


Frequency Range: 


Package: 
C = Ceramic 
‘P = Plastic 





R6551 


ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 





FEATURES 


Compatible with 8-bit microprocessors 

Full duplex operation with buffered receiver and transmitter 
Data set/modem control functions 

Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

e Program-selectable internally or externally controlled receiver 
rate 

Programmabte word lengths, number of stop bits, and parity 
bit generation and detection 

Programmable interrupt control 

Program reset 

Program-selectable serial echo mode 

Two chip selects 

2 or 1 MHz operation 

5.0 Vde + 5% supply requirements 

28-pin plastic or ceramic DIP 

Full TTL compatibility 

Compatible with R6500, R6500/* and R65CO00 micro-. 
processors 














oOeOen ODM & WN = 


Figure 1. R6551 ACIA Pin Configuration 
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Figure 2. ACIA Internal Organization 


FUNCTIONAL DESCRIPTION TIMING AND CONTROL 

A block diagram of the ACIA is presented in Figure 2 followed The Timing and Control lagic controls the timing of data trans- 

by a description of each functional element of the device. fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 

DATA BUS BUFFERS reset features. 

The Data Bus Buffer interfaces the system data lines to the Timing is controlled by the system £2 clock input. The chip will 

the R/W fine is high and the chip is selected, the Data Bus Buffer during the #2 high period when selected. 

passes the data from the system data lines to the ACIA internal 

data bus. When the R/W line is low and the chip is selected, the All registers will be initialized by the Timing and Control Logic 

Data Bus Buffer writes the data from the internal data bus to the when the Reset (RES) line goes low. See the individual register 

system data bus. description for the state of the registers following a hardware 
reset. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the microprocessor 


to go low when conditions are met that require the attention of TRANSMITTER AND RECEIVER DATA REGISTERS 
the microprocessor. The conditions which can cause an inter- ; 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in These registers are used as temporary data storage for the 
the Status Register, if enabled. Bits 5 and 6 correspond to the ACIA Transmit and Receive Circuits. Both the Transmitter and 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) Receiver are selected bya Register Select 0 (RSO) and Register 
logic. Bits 3 and 4 correspond to the Receiver Data Register full Select t (RS1) low condition. The Read/Write (R/W) line deter- 
and the Transmitter Data Register empty conditions. These con- mines which actually uses the internal data bus; the Transmitter 
ditions can cause an interrupt request if enabled by the Com- Data Register is write only and the Receiver Data Register is 
mand Register. read only. 
Bit 0 is the first bit to be transmitted from the Transmitter Data 
VO CONTROL Register (least significant bit first). The higher order bits follow 
The VO Control Logic controls the selection of internal registers in order. Unused bits in this register are “don't care”. 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. The Receiver Data Register holds the first received data bit in 
bit O (least significant bit first). Unused high-order bits are “0”. 
The registers are selected by the Receiver Select (RS1, RSO) Parity bits are not contained in the Receiver Data Register. They 
and Read/Write (R/W) lines as described later in Table 1. are stripped off after being used for parity checking. 
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R6551 


STATUS REGISTER 


The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 


and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4. a 2 1 oO 
Bit 7 interrupt (IRQ) 


No interrupt 
Interrupt has occurred 


-+~ Oo 


Bit 6 Data Set Ready (DSR) 


0 DSR low (ready) 
1 DSR high (not ready) 
Bit 5 Data Carrier Detect (DCD) 
0 DCD low (detected) 
1 DCD high (not detected) 
Bit 4 Transmitter Data Register Empty 
0 Not empty 
1 Empty 
Bit 3 Receiver Data Register Full 
¢) Not full 
1 Full 
Bit 2 Overrun* 
0 No overrun 
1 Overrun has occurred 
‘Bit 1 Framing Error* 
0 No framing error 
1 Framing error detected 


Bit 0 Parity Error* 
No parity error 
1 Parity error detected 
“No interrupt occurs for these conditions 


Reset Initialization 


76543210. 
fo [—[—] 2] 0] o[o) Hardware reset 
|—|—-|—|-]-] ° |} Program reset 





Asynchronous Communications Interface Adapter (ACIA) 


Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 


None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a O (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a 0 (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 


é 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 


These bits reflect the leveis of the DCD and DSR inputs to the 
ACIA. A 0 indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unless bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. - ; 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a0 (is cleared) when the Status Register is read. 





R6551 


CONTROL REGISTER 


The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


7 4 
a 


6 5 


3 2 1 0 


[seRs|sen2] sant] SBRO 

















Bit 7 _Stop Bit Number (SBN) 
0 1 Stop bit 
1 2 Stop bits 
1 1% Stop bits 
For WL = 5 and no parity 
1 1 Stop bit 
For WL = 8 and parity 
Bits 6-5 Word Length (WL) 
6 § No. Bits 
‘on e) 8 
0 1 7 
1 0 6 
1 1 5 
Bit 4 Receiver Clock Source (RCS) 
0 External receiver clock 
1 Baud rate 
Bits 3-0 Selected Baud Rate (SBR) 
3 2 4 © Baud 
0 0 0 QO 16x External Clock 
0 0 0 1 50 
0 0 1 0 75 
0 0 1 1 109.92 
0 1 8) 0 134.58 
0 1 0 1 150 
8) 1 1 0 8 300 
0 1 1 1 600 
1 0 0 0 1200 
1 0 0 1 1800 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19,200 


Reset Initialization 
76543210 


[oto[o/olo[olol[o] Hardware reset (RES) 
| -[-] -|-[-[-]-] -| Program reset 
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Asynchronous Communications Interface Adapter (ACIA) 


Selected Baud Rate (Bits 0, 1, 2, 3) 


These bits select the Transmitter baud rate, which ean be at 
1/16 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


It the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 





RECEIVER 
SHIFT REGISTER 
OIVIDER 

(16) 


CONTROL 
REGISTER 
BIT 4 


BAUD RATE 
GENERATOR 


CLOCK 
DIVIDER 
(16 


BITS 0-3 IN TRANSMITTER 


CONTROL 
BEGIRER SHIFT REGISTER 





Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of '/;. an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 


Word Length (Bits 5, 6) 


These bits determine the word length to be used (5, 6, 7 or 8 
bits). 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 1% stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word jength 
is 8 with parity selected, or 2 stop bits in all other configurations. 





R6551 


COMMAND REGISTER . 


The Command Register controis specific modes and functions. 





Parity Mode Control (PMC) 


Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 

Space parity bit transmitted 
Parity check disabled 


Parity Mode Enabled (PME) 
0 Parity mode disabled 

No parity bit generated 

Parity check disabled © 


1 Parity mode enabled 
Bit 4 Receiver Echo Mode (REM) 
0 Receiver normal mode ° ot 
1 Receiver echo mode bits 2.and 3 
Must be zero for receiver echo mode, RTS will 
be low. 
Bits 3-2. Transmitter. Interrupt Control (TIC) 
3 2 
0 60 RTS = High, transmit interrupt disabled 
Oo. 61 RTS = Low, transmit interrupt enabled 
1 0 RTS = Low, transmit interrupt disabled 
1 { RTS = Low, transmit interrupt disabled 
transmit break on TxD 
Bit 1 Interrupt Request Disabled (IRD) 
fe) IRQ enabled 
1 (RQ disabled 
Bit 0 Data Terminal Ready (DTR) 
0 Data terminal not ready {(DTR high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


(0[0[0[0[0 [0010] Hardware reset (RES) 
—{—|-[o{0[o[o/0| Program reset 
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Asynchronous Communications Interface Adapter (ACIA) 


Data Terminal Ready (Bit 0) 


This bit enables all selected interrupts and controls the state of 
the Data Terminal Ready (BTR) line. A 0 indicates the micro- 
computer system is not ready by setting the DTR line high. A 
1 indicates the microcomputer system is ready by setting the 
DTR line low. 


Receiver Interrupt Control (Bit 1) 


This bit disables the Receiver from generating an interrupt when 
set to a 1. The Receiver interrupt is enabled when this bit is set 
to a0 and Bit-0 is set to a 1. 


Transmitter Interrupt Control (Bits 2, 3) 


These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 


Receiver Echo Mode (Bit 4) 


A 1 enables the Receiver Echo Mode and a 0 enables the 
Receiver Echo Mode. When bit 4 is a 1, bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 


Parity Mode Enable (Bit 5). 


This bit enables parity bit generation and checking. A O disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 





R6551 Asynchronous Communications Interface Adapter (ACIA) 


INTERFACE SIGNALS 


Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the moder. 


DATA 

BUS 

BUFFERS 
INTERRUPT 
Loaic 


Interrupt Request (IRQ) 


The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain output, permitting several devices to be con- 
nected to the common (RQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


TRANSMIT 


Data Bus (D0-D7) 


The eight data line (DO-D7) pins transfer data between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 





Chip Selects (CSO, €S1) 


The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or through decoders. The 
ACIA is selected when CSO is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (ASO, RS1). ; 


vo 
CONTROL 


Register Selects (RSO, RS1) 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 





select coding. 
CONTROL 
Figure 4. ACIA Interface Diagram 
Table 1. ACIA Register Selection 


- Register Operation 
PTR =tow | WH 
Read Receiver 
Data Register 


Read Status 
Register 


Write Command ‘Read Command 
Register Register 

Write Control Read Control 
Register Register 


MICROPROCESSOR INTERFACE 


Reset (RES) 


During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The 
Status Register is cleared with the éxception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held tow for one #2 clock cycle 
for a reset to occur. 


Write Transmit Data 
Register 


Programmed Reset 
(Data is “Don't 





Input Clock (92) 


The input clock is the system #2 clock and clocks all data trans- 


fers between the system microprocessor and the ACIA. ¥ 
Only the Command and Control registers can both be read and 


Read/Write (R/W) 


The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 
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written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 in the Com- 
mand register and bit 2 In the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset. It should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 





R6551 
ACIA/MODEM INTERFACE 


Crystal Pins (XTLI, XTLO) 


These: pins are normally directly connected to the. external 
crystal (1.8432 MHz) to derive the various baud rates.: Alter- 
natively, an externally generated clack can drive the XTLI pin, 
in which case the XTLO pin must float. XTLI is He input pin for 
the transmit clock. 


Transmit Data (TxD)_ 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


Receive Data (RxD) 


The RxD input line transfers serial NAZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made Ae programming 
the Control Register. ‘ 


Receive Clock (RxC)’ 


The RxC is a bi-directional pin which is Sitior the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 


Request to Send (RTS) 


The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 





CHAR#n CHAR #n+1 





=e Tae 7 
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Q 


PROCESSOR 
INTERRUPT 
{TRANSMIT DATA 
REGISTER EMPTY) 





PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 





Asynchronous Communications Interface Adapter (ACIA) 


Clear to Send (CTS) 


The CTS input pin-controls the transmitter operation. The enable 
state is with CTS low. The transmitter is automatically disabled 
if CTS is high. 


Data Terminal Ready (DTA) 


This output pin indicates the status of the ACIA to the modem. 
A low on DTR indicates: the. AGIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit 0 of the 
Command Register. 


Data Set Ready (DSR) 


The DSA input pin indicates to the ACIA the status of the 
modem. A low indicates. the * ‘ready” state and a high, “not- 
ready.” 


Data Carrier Detect (DCD) 


The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 


TRANSMITTER AND RECEIVER 
OPERATION | 


Continuous Data Transmit 


In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 


The processor must then identify that the Tramsmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous “MARK” will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. — 





CHAR #442 CHAR F#n+3 


PROCESSOR MUST 
LOAD NEW DATA 

IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS "MARK" 
IS TAANSMITTED 








Figure 5. 
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Continuous Data Receive . 
Similar to the Continuous Data Transmit case, the normal read the data word before the next interrupt, otherwise ‘the 


operation of this mode is to ‘assert IRQ when the ACIA has Overrun condition occurs. Figure 6 Shows the continuous Data 
received a full data word. This occurs at about 9/16 point through Receive Timing Belatonshtp. : 


the Stop Bit. The processor must read the Status Register and 












CHAR #1n+14 CHAR #742, ; _ CHAR #n+3 | 


“EER Sccie LF Soci EDF melee] 














IAQ 
ad 
PROCESSOR 
INTERRUPT OCCURS ; 
. PROCESSOR MUST READ 
ABOUT 9/16 INTO 
LAST STOP BIT. ; AECEIVER DATA IN THIS 
PARITY, OVERRUN PROCESSOR READS STATUS “TIME INTERVAL; OTHERWISE, 
f y REGISTER, CAUSES IRO OVERRUN OCCURS 


AND FRAMING ERROR : 
ALSO , UPOATED TOetene 







Figure 6... Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 


If the processor is unable to load the Transmit Data Register in When the processor finally loads new data, a Start Bit imme- 
the allocated time, then the TxD line goes to the “MARK” con- diately occurs, the data word transmission is started, and another 
dition until the data is loaded. IRQ interrupts continue to.occur interrupt‘is initiated, signaling for the next data word. Figure 7 
at the same rate as previously, except no data is transmitted. shows the timing relationship for this mode of operation. 


CHARFZ#n CONTINUOUS " “MARK CHAR fn+4 ip 


cco. ' BET BER 


__ CHARACTER _. 
TIME 





PROCESSOR _ 
INTERRUPT PROCESSOR 
A DOES NOT. LOAD 
neaisTeR NEWDATAIN | COWrINUE AT 
TIME . . 
EMPTY CHARACTER RATE, WHEN PROCESSOR FINALLY: LOADS. 
PROCESSOR EVEN THOUGH ‘NEW DATA, TRANSMISSION STARTS 
READS NO DATA IS “IMMEDIATELY AND INTERRUPT 
STATUS TRANSMITTED OCCURS, INDICATING TRANSMIT 
REGISTEA DATA REGISTER EMPTY 





Figure’7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS « on Transmitter 


CTS is the Clear-to-Send signal generated by the modem. It'is . indicates that the Transmitter Data Register is not empty and 
normally low (true state) but may go high in the event of some IRQ is not asserted. CTS is a transmit control line only, and has 
modem problems. When this occurs, the TxD line goes to the no effect on. ‘the ACIA Receiver Operation. Figure 8 shows the 
“MARK” condition after the entire last character (including parity timing. relationship for'this mode of operation. 


and stop bit) have been transmitted, Bit 4 in the Status Register 


CHAR #n CHAR#n+1 ; CONTINUOUS “MARK” 
Led [mL Joolsefco[ es] feu P > [eee 
ww ig — = 2 - aun 
L LO TAG.IS NOT ASSERTED 


AGAIN UNTIL 
NOT CLEAR-TO-SEND. GOES LOW 


CLEARA-TO-SEND. 


“CHS GOES HIGH, . 
INDICATING MODEM 
IS NOT READY TO 
RECEIVE DATA. TxD 
GOES.TO "MARK" CONDITION 
. 4, AFTER COMPLETE CHARACTER 
a ‘IS: TRANSMITTED. 





Figure 8. Effect of CTS on Transmitter 


Effect of Overrun on Receiver 7 
ff the processor does not read the Receiver data Register in the but the Overrun status bit is set. Thus, the Data Register will 


allocated time, then,.when the following interrupt occurs, the contain: the fast valid data word received and all following data 
new data word is not transferred to the Receiver Data Register, is lost. Figure 9 shows the timing relationship for this mode. 
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PROCESSOR 














PROCESSOR a RECEIVER DATA REGISTER 
INTERRUPT PROCESSOR =| noes woT NOT UPDATED, BECAUSE 
FOR RECEIVER READS READ DATA PROCESSOR DID NOT READ 
OATA REGISTER STATUS REGISTER PREVIOUS DATA, OVERRUN 
FULL REGISTER BIT SET iN STATUS 


REGISTER 














PROCESSOR DOES 
INOT READ STATUS 
REGISTER 










OVERRUN BIT SET IN 
STATUS REGISTER 





Figure 9, Effect of Overrun on Receiver 
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Echo Mode Timing 


In Echo Mode, the TxD line re-tranismits the data on the AxD 
line, delayed by 1% of the bit time, as shown in Figure 10.’ 





hi 





PT Pel De] 


1/2 DATA BIT DELAY 





Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 


In Echo Mode, the Receiver operation is unaffected by CTS, the Receiver Data Register is full in response to an IRQ, so the 
however, the Transmitter is affected when CTS goes high, i.e., processor has no way of knowing that the Transmitter has 
the TxD fine immediately goes to a continuous “MARK” con- ceased to echo. See Figure 11 for the timing relationship of this 
dition. In this case, however, the Status Request indicates that. mode. 





CHAR #n ‘ CHAR gee GHAR a2 fas 





CTS GOES TG 
“FALSE CONDITION 





NORMAL 
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS ; 





Figure 11. Effect: of CTS on Echo Mode 
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Overrun in Echo Mode 


If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 





CHAR #n 







PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 










[PROCESSOR 
--| DOES NOT 

| READ RECEIVER 
J DATA REGISTER 


PROCESSOR — 

READS - OVERRUN OCCURS 

STATUS -. TxD GOES TO 

REGISTER “MARK” 
CONDITION 


RxD Jeeasle ’ jon] Stop | Stent fe | & | [en] ° | Stop ser} 80 | & | _ eu] Stop| Start feo | | ; [*]r 
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“MARK” condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this. mode. 






CHAR #x CHAR Fxtt 










TxD DATA 
RESUMES 





PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
‘LAST VALID 

CHARACTER (#n) 









PROCESSOR 
INTERRUPT 

FOR CHAR#x 

IN RECEIVER 
DATA REGISTER. 












Figure 12. Overrun in Echo Mode 


Framing Error 


Framing Error is-caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In resporise 


to IRQ, generated by ROAF, the Status Register can also be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reffect the last data word received. See Figure 13 for Framing 
Error timing relationship. 


RxD | Stop ‘Stop] srare Stop Stop]. 
(EXPECTED) fas] r 1 27 1 2" 


RxD 
(ACTUAL) 


NOTES: 1, FRAMING ERROR DOES NOT 
_ INHIBIT RECEIVER OPERATION. 


. If NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 


Figure 13. 





PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 

BIT SET 





Framing Error 
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Effect of DCD on Receiver 


DCD is a modem output indicating the status of the carrier-fre- Once such a change of state occurs, subsequent transitions. will 
quency-detection circuit of the modem. This line goes high for not cause interrupts or changes in the Status Register until the 
a loss of carrier. Normally, when this occurs, the modem will first interrupt is serviced.:When the Status Register is read by. 
stop ‘transmitting data ‘some.time later. The ACIA asserts IRQ the processor, the ACIA automatically checks the level of the 
whenever DCD changes : state and indicates ine condition via’ DCD tine, and if it has changed, another IRQ occurs (see Figure 
bit 5 in the Status Register. 14). 





CONTINUOUS “MARK 


PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 


‘NORMAL he AS LONG AS | NO INTERRUPT 
PROCESSOR DCD IS HIGH, WILL OCCUR 
INTERRUPT PROCESSOR” NO FURTHER PROCESSOR HERE, SINCE 
INTERRUPT © INTERRUPTS INTERRUPT RECEIVER IS NOT 
For DCD FOR RECEIVER FOR OCD ENABLED UNTIL 
’ GOING HIGH WILL OCCUR GOING LOW FIRST START BIT 
: ; DETECTED 





Figure 14. Effect of DCD on Receiver 


Timing with 112. Stop Bits 


It is possible to select 1% Stop Bits, but this occurs only for trailing half-Stop Bit. Figure 15 shows the timing relationship for 
5-bit data words with no parity bit. In this case, the IRQ asserted this mode. 
for Receiver Data Register Full occurs halfway through the 






CHAR#n+1 








PROCESSOA INTERRUPT 
OCCURS HALFWAY 
THROUGHT THE 1/2 
STOP BIT 





Figure 15. Timing with 1% Stop Bits 
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Transmit Continuous “BREAK” 


This mode is selected via the ACIA Command Register and Note 
causes the ‘Transmitter to send continuous ‘BREAK charac- if, while operatirig in the Transmit Continuous “BREAK” 
ters, beginning with the next character transmitted. At least one =a : ae 
a re po are Gs : : mode, the CTS shouid go to a high, the TxD will be 
full “BREAK” character will be transmitted, even if the procéssor : en : a a i‘ 
nhs Bas ear : ae overridden by the CTS.and will go to continuous “MARK 
quickly re-programs the Command Register transmit ‘mode. Madey ae : ae 
: ; at the beginning of the next character transmitted after the 
Later, when the Command Register is programmed back to ETS qoes high 
normal transmit mode, an immediate Stop Bit will be generated g gn. 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 


= uit “REL EL cytes Ft ‘Geno S ecu 


PERIOD DURING 
WHICH PROCESSOR 
—~ SELECTS 


CONTINUOUS POINT AT WHICH 
- “BREAK” MODE PROCESSOR “processon” 
NORMAL. SELECTS TO.LOAD 
INTERRUPT NORMAL TRANSMIT 
TRANSMIT . DATA 
MODE — 





Figure 16. Transmit Continuous “BREAK”? 


Receive Continuous ‘‘BREAK”’ 


In the event the modem transmits continuous “BREAK” char- shows the timing relationship for continuous “BREAK” 
acters, the ACIA will terminate receiving. Reception will resume characters. 
only after a Stop Bit is encountered by the ACIA. Figure 17 











CONTINUOUS ' "BREAK“ 


TEP bts oat nee {como aco 


=< NO INTERRUPT 


SINCE RECEIVER 
PROCESSOR INTERRUPTS DISABLED UNTIL NORMAL 


PROCESSOR INTERRUPT WITH : RECIEVER 
INFERRUET BREAK AND FRAMING ERROR Hneeneee INTERRUPT 
FOR U 
ECHDER BIT SET, EVEN PARITY CHECK 
DATA REGISTE WILL ALSO GIVE A PARITY ERROR 
EOL EGISTER BECAUSE ALL ZEROS (CONTINUOUS 

. BREAK) REPRESENT EVEN PARITY. 





Figure 17. Receive Continuous ‘‘BREAK’”’ 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 


1. Read Status Register 


This operation automatically clears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 


2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 
These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0.(modem 
“on-line’) and they are unchanged then the remaining bits 
must be checked.’ 

4, Check RDRF (Bit 3) 
Check for Receiver Data Register Full.. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TORE (Bit 4) 
Check for Transmitter Data Register Empty. 

7. If none of the above conditions exist, then CTS must have 


gone to the false (high) state. 


PROGRAM RESET OPERATION 


A program reset occurs when the processor performs a write 

operation to the ACIA with RSO tow and RS1 high. The program 
reset. operatés somewhat different from the hardware reset 
(RES pin) and is described as follows: 


. Internal registers are not completely cleared.-Check register 
formats for the effect of a program reset on internal registers. 


ee 9 


2, The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occurs, it stays low low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupts are disabled immediately. If IRQ is 
low and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently wilt follow the input 
lines, although no interrupt will occur. 

5. Overrun cleared. if set. 
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MISCELLANEOUS 
1. If Echo Mode is selected, ATS goes low. 


2. If Bit'O of Command Register is 0 (disabled), then: 


a) All interrupts are disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including:the parity bit) is odd. 


4. Inthe receive mode, the recelved parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation simulta- 
neously. This is “full-duplex” mode. 


6. if the RxD line inadvertently goes low and then high right 


after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit.initiates receiver operation. 


7. Precautions to consider with the crystal oscillator circuit: 


a) The external crystal should be a “series” mode crystal. 

-b) The XTALI input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and.may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate pro- 
‘cessor interrupts, have no affect on transmitter operation. 
- Data: will continue to be sent, unless the processor forces. 
transmitter to turn.off. Since these are high- impedance inputs, 
they must not be permitted to float (un-connected). If unused, . 
they must be terminated either to GND or Voc. 


GENERATION OF NON-STANDARD 
BAUD RATES 
Divisors' 


The internal counter/divider circuit. selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 


Control Register, as shown in Table 2. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 
These can be determined by: 

Baad bate = a Frequency 
Divisor _ 
Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 


-6) must be the: clock input and XTALO (pin 7) must be a no- 


connect. 
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Table 2. Divisor Selection 


Control Divisor Selected Baud Rate Generated "Baud Rate Generated - 
Register For The — With 1.8432 MHz With a Crystal 
Internal Counter Crtatal of Frequency (F) 


16 x External Clock 16 x x External Clock 
1 1.8482 x 10° x 108 
36,864 
36,864 864 36, "36,864 
1 1.8432 x 108 x 108 
0 0 24, 576 
24,576 576 24,576 576 
1. 1.8432 x 10° x 108 
= 109.92 
16,769 769 “16,760 769 
1.8492 x 108 2. 
13,704 7 ———_ = 184. 
13,704 Ss 13,704 704 
1.8432 x 108 108 
o 1 12,288 15 
42,288 288 — “42,288 288 | 


1.8432 x 10° 
6,144 


1.8432 = 108 
1,536 
1.8432 x 108 
1024. 
1.8432 x 108 
768 ~C*~*# 
1.8432 x 108 
512 
1.8432 x 108 
384 
1.8432 x 10° 
256 
1.8432 x 105 
192 
"1.8432 x 106 
| 96 . 


= 3,600 


= 4,800 
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DIAGNOSTIC LOOP-BACK 

OPERATING MODES 

A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 18. . 


It may be desirable to include in the system a facility for “loop: 
back” testing, of which there are two kinds: 


1, Local Loop-Back 


Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 


nected and the ACIA transmitter connected back to its own. 


receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 


2, Remote Loop-Back . 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately. retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
smail amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA: The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB = high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 


3. Connects transmitter outputs to respective receiver inputs. 
(i.e., TxD to RxD, OTR to OCD, ATS to CTS). 


LLB may be tied to a peripheral contro} pin (from an R6520 or 
R6522, for example) to provide processor control of local loop- 








back operation. In this way, the processor. can easily perform 
local loop-back diagnostic testing. 


Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 


1. Contro! Register bit 4 must be 1, so that the transmitter clock 
equals the receiver clock. 


2. Command Register bit 4 must be 1 to select Ect Mode. 


3. Command Register bits 3 and 2 must be 1, ‘and 0, respec- 
tively to disable | AQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable TAQ interrupt 
for receiver. 


in this way, the system re-transmits received data without any 
effect on the local system. 





TO DATA LINK 


Figure 18. Simplified System Diagram 


Pr MODEM 





NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE, 


2. HIGH ON 74157 SELECT INPUT GATES "B" INPUTS 
TO “Y** OUTPUTS; LOW GATES “A” TO "Y"™. 


Figure 19. Loop-Back Circuit Schematic 








R6551. 
READ TIMING DIAGRAM 


Timing diagrams for transmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 20, 21 
and 22, respectively. The corresponding timing characteristics 
are listed in Table 3. 


paple 3. Transmit/Receive Characteristics 


Characteristic Paracas 

Transmit/Receive 400* 

Clock Rate 

Transmit/Receive ‘ “475 175 

Clock High Time 

Transmit/Receive to. 175. 175 

Clock Low Time 
XTLItoTxD 

Propagation Delay 

RTS Propagation toLy 

Delay ; 

TRO Propagation 
Delay (Clear) 
‘Load Capacitance CL 


- DTA, ATS. 
TxD 


Notes: 
(ta, te = 














10 to 30 ns) 
*The baud rate with external clocking is: Baud Rate = 






1 
16 x tocy 
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XTLI 
(TRANSMIT 
CLOCK INPUT) 





NOTE: TxD rate is 1/16 TxC rate 


Transmit Timing with External Clock 


Figure 20. 







RxC 
(1NPUT) 








NOTE: RxD rate is 1/16 RxC rate 


Receive External Clock Timing 


Figure 21. 


(CLEAR) 





Figure 22. Interrupt and Output Timing 
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AC CHARACTERISTICS 


(Veco = 5.0V + 5%, Vss = 0, Ta = T, to Ty, unless otherwise noted) 


Parameter 


nd ree 


Aaioss Setup Tine ts 

"Areas HosTine id tee | 

CRW seuptme Side fm 

[pata us Setup Tine tac 
ee 


= 


o& 





a 
a 


S 
o 


a 
a 


Data Bus Hold Time 


a 
77) 


a 
a 


3 
w 


Bus Active Time (Invalid Data) 


Notes: 1. Vog = 5.0V +5%. 
2. Ta = TL to Ty- 
3. ta and tr = 10 to 30 ns. 
4, DO-D7 load capacitance = 130 pF. 


J 
on 


o o 

o 
=] 
a 








mu QO >” 


WRITE TIMING DIAGRAM 


DATA BUS 


READ TIMING CHARACTERISTICS 
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ABSOLUTE MAXIMUM RATINGS 

Parameter | Symbol *NOTE: Stresses above those listed may cause permanent 

damage to the device. This is a stress rating only and functional 

-0.3 10 Vec operation of the device at these or any other conditions above 

those indicated in other sections of this document is not implied. 

 —0.3 to Vee Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





OPERATING CONDITIONS 


5V +5% 





Temperature Range : 
Commercial 0° to 70°C © 
Industrial ; -— 40°C to +85°C 





DC CHARACTERISTICS 
(Voc = 5.0V + 5%, Vsg. = 0, Ta = T. to Ty, unless otherwise noted) 
Parameter 


Input High Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


Input Low Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


Input Leakage Current ane 
$2, RW, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSA 


go 9° 
‘s & 











Vin = 0.4V to 2.4V 
Voc = 5.25V 


loan = —100 2A 
Veco = 4.75V 


Vee = 4.75V 
ILoaD = 1.6 mA 





Output High Voltage ; 
DO-D7, TxD, RxC, RTS, DTR 


Output Low Voltage ots a: 

| 00-D7, TxD, RxC, RTS, DTR, IRQ 

Output High Current (Sourcing) 
DO-D7, TxD, RxC, RTS, OTR 


Output Low Current (Sinking) 
DO-D7, TxD, RxC, RTS, DTA, IRQ 





_ 
sN 
oe 
Oo 





ser 


= 
oO 
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PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 28-PIN PLASTIC DIP 





(1.470) 
(taa0)—— (140) (610 
(.00) 
-— 5003 — 


(023) 032 REF. | 119) (.150) (080) 
( 


(045) 


{.015) (080) - (425) (020) 


(925) (015) 
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DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 





PRELIMINARY 


DESCRIPTION 


The R6565 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 6500/6800 micro- 
processor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FOD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The DDFDC interfaces directly to the 6500/6800 synchronous 
microprocessor bus and operates with 8-bit byte length data trans- 
ferred on the bus. The DDFDC will operate in either DMA or non- 
DMA mode. In DMA mode, the CPU need only load the command 
into the DDFDC and all data transfers occur under DMA control. 
The R6565 is directly compatible with the MC6844. Direct Memory 
Access Controller (DMAC). In non-DMA mode, the DDFDC gen- 
erates an interrupt to the CPU indicating that a byte of data is 
available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
Status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


The R6565 executes 15 separate multi-byte commands: 


Read Data Specify 

Write Data Format a Track 

Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track 0) 





FEATURES 


* Address mark detection circuitry 


e Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 


¢ IBM compatible in both single- and double-density recording 
formats 


¢ Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 


° Multisector and multi-track transfer capability 
* Controls up to four floppy disk drives 


« Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor’s memory with data read from the disk 


e Data transfers in DMA or non-DMA mode 
* Parallel seek operations on up to four drives 


« Directly compatible with 6500 and 6800 synchronous 
microprocessor bus 


e Single phase 8 MHz Clock 
¢ Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number 
R6565 8 MHz 


CLK Frequency 


Temperature Range 
0°C to 70°C 


Package: 
C = Ceramic 
P = Plastic 





Document No. 29651N42 


Product Description Order No. 2139 
Rev. 2, March 1984 
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Figure 1. 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 


state, (The active state of each logic pin is described below.) Active - 


low signals are denoted by a superscript bar. 


BUS INTERFACE 


DO-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 68-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square wave 
signal. 


RES—RESET. This active low input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive (FDD) 
to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 


RS—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When RS = high, 
the Data Register is selected and the state of R/W determines 
determines whether it is a read (R/W = high) or a write (R/W = low) 
operation. When RS = low, the Status Register is selected. This 
register may only be read (R/W = high); the state R/W = low is 
invalid when the Status Register is selected. 
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{RQ—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the CPU, 


R/W—Read/Write. This input defines the data bus transfer as a 
read or write cycle. When high (read), the data transfer is from the 
DDFDC to the data bus. When low (write), the data transfer is from 
the data bus to the DDFDC. 


@2—Enable. This input is the synchronous handshake line for the 
information transfer on the A6500 processor bus. This input signal 
is the standard enable signal commonly called @2 in R6500 
peripheral devices or Enable in 6800 peripheral devices. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The.DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


TXRQ—DMA Request. The transfer request signal is a TTL com- 
patible output generated by the DDFDC to request a data transfer 
operation under control of the DMAC (in the DMA mode). The 
request is active when TXRQ = high. The signal is reset inactive 
when DMA Acknowledge (DACK) is asserted (low). 


DONE—DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer fora channel is complete. The 
signal is active low concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer, 
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FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


ROW—Read Data Window. Data Window input generated by the 
Phase Locked Loop (PLL) and used to sample data from the FDD. 


vCO—Varlable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the VCO 
in the PLL circuit when high. This Inhibits RDD and RDW from 
being generated uniil valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. , 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables the Write Data into 
the FDD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


[reo | rst 


Write Precompensation Status 


Normal 
Late 
Early 
Invalid 


| Q = Low, 1 = High 


FOD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or recelve data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. — 


| RWSEEK | Mode Active FDD Interface Signals 
Read/Write _ WP, FLT, LCT, FR 
| Fin [Seok [TS TRIO. OR, STP 


WP/TS—Write Protect/Two Side. An active high multiplexed input 
signal from the FDD. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 
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FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FULT/TRKO high indicates that the read/write head is positioned over 
track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head Is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIA is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FA/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A tow level indicates the head should be unloaded. 


HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 













RES 1 vcc 
@2 2 39 RW/SEEK 
RW 3 38 LCT/DIR 
cs 4 FR/STP 
RS 5 HOL 
Do 6 RDY 
Dt 7 WP/TS 
D2 8 FLT/TRKO 
D3 9 PSO 
D4 1 PS1 
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USO-US1—Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 

Floppy Disk 

Drive Select 


‘0 = Low, 1 = High 


0 
0 
1 
1 si 
MFM—MEM Mode. Output signal to the FDD to indicate MFM 


or FM mode. Selects the MFM mode when MFM = high and the 
FM mode when MFM = low. 











aAo-0 






veCC—Power. +5V dc. 


GND—Ground (Vgs). 


vo 
BUFFERS 


OPERATION ———"" 
CONTROL 


Gatetereerr eT 


a 
=] 
c) 
a 
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Zz 
x 
pT 
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DDFDC REGISTERS 


The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.6., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status. Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. - 


The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


ROW 
RODD 
_.VCO 


SERIAL 
READ 
CONTROL 


wek 
WDA 
WE ~ 
PSO, PS1 


SERIAL 


CONTROL 


ROY 
IDX. 
WP/TS 
FLT/TRKO 


LCT/DOIR 
FR/STP 
RW/SEEK 





Figure 2. DDFDC Block Diagram 
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The relationship between the status/data.registers and the R/W 
and RS signals is shown below. 
Read from Data Register. 


Pe Write into Data Register © 


Read Main Status Register 


tllegat 














ie] 
0 
1 
1 


Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions. 
that follow Table 2. , ¥e 


REGISTER DEFINITIONS 
Main Status Register. (MSR) 


io a 
[raw | oo [ew [es [ bee | bee | oe | Dos 


The Main Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the.com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data tnput/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data Is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the tast R/W during command or result 
phases and the DIO and RQM getting set or reset is 12 ys. For 
this reason, every time the MSR is read the processor should wait 
12 ws. The maximum time from the end of the last read in the 
result phase to when bit 4 (DDFDC Busy) goes low is also 12 ys. 


The DIO and ROM timing chart is shown in Figure 3: 


MSR 
7 AQM —Request for Master.. 
0 Data Register is not ready. 
1 Data Register is ready. 
MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register to the system. 
MSR 
5 EXM -Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 
MSR 
4 cB —Controller (DDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 
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MSR 
3 D3B  —Floppy Disk Drive (FDD) 3 Busy.. 
0 .FDD 3 is not busy, DDFDC will accept read or write 
command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
command. 
MSR 
2 D2B —FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept read or write 
command. , 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 DIB —FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 
MSR 
0 DOB -—FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will accept read or write 
command. . 
1 FDD_0 is busy, DDFDC will not accept read or write 
command. 


Status Register 0 (STO) 











The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO 

7 6 I. —Interrupt Code. 

0 0 Normal Termination (NT). Command was properly exe- 
cuted and completed. © 

0 1. Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 

140 Invalid Command (IC). Received command was invalid. 

1.1 Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 

SsTo 

5 SE —Seek End. 


0 Seek command is not completed. 
1 Seek command completed by DDFDC. 


STO 
4 EC —Equipment Check. 
0 No error. 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
Command). 
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Table 1. DDFDC Status Register Bit Assignments 
Bit Number 








Main Status Register (MSR) 
Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 


Table 2. Command Symbol Description 


[ Symbci [Name : Description 
| Daa The data pattern which is going to be written into a sector. 


DO-D7 86-bit data bus, where D0 is the least significant data line and D7 is the most significant data line. 
Data Length When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


7 Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 

























VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 










Gap 3. 


(GS ss 

| DoD7 | 

GPL 

PH | Head Address | Head number O or t, as specified in IDfed. ——SSCSC~“~*~*~*~*~*~S~S~*Y 

When MT = 1, @ multi-track operation is to be performed. After finishing a read/write operation on side 
: 0, the DDFDC will automatically start searching for sector 1 on side 1. 

TN | BytesiSector | The number of data bytes writen in asector SSCS 


| ND _|_Non-DMA Mode 
New Track Number 























When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 
A new track number, which will be reached as a result of the Seek command. Desired head position. 
The track number at the completion of Sense Interrupt Status command. Present head position. 

| R | Record (Sector) | The sector number to be read or written:’ aie = 
| AS ——s|_ Register Select Controls selection of Main Status Register (RS = low) or Data Register (RS = high). 

Either read (A) or write (W) signal. 

skip __—_——~S*d:«CS ip Deleted Data Across Mark SSCS 





ST 
SK 
SRT The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to'all drives 


(F = 1 ms, E = 2 ms, etc.) 

















STO Status 0 Four registers which store the status information after a command has been executed. This information 
ST1 Status 1 is available during the result phase after command execution. These registers should not be confused 
$T2 Status 2 with the Main Status Register (selected by RS. = low). STO-ST3 may be read only after a command has 
§T3 Status 3 been executed and contain information relevant to that particular command. 


STP Sector Test Process During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and 
_| compared. ; 
T \ 


Track Number . | The. current/selected track number of the medium (0-255). : 


Unit Select A selected drive number (0-3) 


USO,US1 
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STo 
3. =NR —Not Ready. 
0 FDD is ready. . 
1 FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


-$To a 
2 HD —Head Address. (At Interrupt). 
0 Head Select .0. 
1 Head Select 1. 


STO : 

10 US —uUnit Select. (At Interrupt). 
0 0 FDD 0 selected. 

Oo 1 FDD 1 selected. 

1 0 FDD 2 selected. 

1 1  FDD 3 selected. 


Status Register. 1 (ST1) 


fae Ieee ee i ee 
Pen] o | ce | on | o | np | ew | om | 
ST1 

7 EN —End of Track. 

0 No error. 


1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


ST1 
6 —Not Used. Always Zero. 
ST1 7 
§ DE —Data Error. 
0 No error. 
1 DDFDC detected a CRC error in ID field or the Data field. 
ST1 
4 OR —Over Run. 
0 No error. 
1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 
ST1 
3 —Not Used. Always Zero. 
ST1 


2 ND —No Data. 
0 No error. 
1 3 possible errors. 
1. DDFDC cannot find sector specified in ID Register 


during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 
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ST1 
1 NW Not Writable. 
0 No error. 
1 DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 
ST1 
Oo MA —Mlissing Address Mark. 


0 No error. 
1 2 possible. errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address ° 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 


ST2 
7 —Not Used. Always Zero. 
ST2 
6&6 CM —Control Mark. 
0 No error. 
1 DDFDC encountered a sector which contained a Deleted 


Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 
ST2 
§ DD | —Data Error in Data Field. 


0 No error, 
1 ODFDC detected a CRC error in the Data field. 


$T2 

4 WT =-—Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 

IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 

3 SH —Scan Equal Hit. 

0 ~—— No “‘equal’’ condition during a scan command. 

1 “Equal’’ condition satisfied during a scan command. 
$T2 

2 SN —Scan Not Satisfied. 

0 No error. 


1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 
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ST2- 
1 BT —Bad Track. 
0: No error. 
1 Contents of T on the disk is different from that stored in’ 
the IDR and Ts FF. Biti is related. to ND (Bit 2) of Status 
Register i 
ST2 
0 MD =-—Missing Address Mark In Data Field. 


0 No error. 
1 ‘ DDFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 


Status Register 3 (ST3) 











eC 
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Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 





ST3 
7 FLT —Fault. 
0 Fault (FLT) signal from the FDD is low. 
1 Fauit (FLT) signal from the FDD is high. 


6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from the FDD is high. 


5 RDY -—Ready. 
0 Ready (RDY) signal from the RDD is low. 
1 Ready (RDY) signal from the FDD is high. 


ST3 
4 TRAKO —Track 0. 
0 Track 0 (TRKO). signal from the FDD is low. 
1 Track 0 (TRKO) signal is from the FDD is high. 


sT3 
3. TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 
1 Two Side (TS) signal from the FDD is high. 
ST3 


2 HD —Head Select. 
0 Head Select (HD) signal to the FDD is low. 
1 Head Select (HD) signal to the FDD is high. 


ST3 | ‘g 
a ust —Unit Select 1. 

0 Unit Select 1 (US1) signal to the FDD is low. 
1 


Unit Select 1 (US1) signal to the FOD is high. 


ST3 . 
0 USO  —uUnit Select 0. 
0 Unit Select-0 (USO) signal to the FDD is low. 
1 


Unit Select 0 (US1) signal to the FDD is high. 
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COMMAND SEQUENCE 


The DDFDC ‘is capable of performing 15: different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the command 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the. system, each command consists of three phases: 


Command Phase—The DDFDC receives all information 
eared to perform .a: particular pperanors from the system: 


Execution Phase—The DDFDC performs the instructed 
operation. 


Result Phase—After completion of the operation; status and 
other housekeeping information are made available to the system. : 


The bytes of data sant to the DDFDC to form'a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, thd command 
code byte must be sent first followed by the other bytes j in the: 
specified sequence. All command. bytes must be written and alll 
resutt bytes must be read in each phase. After the last byte of . 
data in the command phase ts received by thie DDFDC, ‘the execu- 
tion phase starts. Similarly; when the last byte of data is read out 
in the result phase, the command is ended and the DDFDC is 
ready to accept a new command. A command can be terminated 
by asserting the DONE' signal to the DDFDC. This ensures that 
the processor can always get the DDFDC's attention even if the» 
command ‘in process hangs up in an abnormal manner. oF 





COMMAND DESCRIPTION 


READ DATA ae 


A command set of nine bytes places the DDFDC into the Read. 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the, specified. 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the . 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DOFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, ; 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data‘bus. This 
continuous read function is called a “Multi'Sector Read Opera- 


tion.” The Read command terminates after reading the last data 


byte from sector R when.R = EOT. STO bits 7 and 6 are set to 
0 and 1, , respectively, and sv bit 7 (EN):is set to al. 


The Read Data command can also be terminated by a low DONE 
signal. DONE should be issued atthe same time that the DACK 
for the last byte of data is sent. Upon receipt of DONE, the DDFDC 
stops outputting data to the data bus; but continues to read data. 
from the current sector, checks CRC. (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read Data 
command dnd sets bits 7 and 6 in STO to 0. The amount of data 
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which can be handled with a single command to. the DDFDC 
depends upon MT (Multi-Track), MF (MFM/FM), and N (Number 
of Bytes/Sector) values. Table 3 shows the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the’ disk. For a particular track, data.is transferred 
starting. at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
» one track (the same track) on each side of the disk. 


When N = 0 in command byte 6 (FM mode),.the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
-When N is non-zero (MFM. mode), DTL has no meaning and 
should be set to FF. 


At.the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specity:command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
‘another command before the head unloads. This time savings 
\s-Constderable when disk contents. are copied from one drive to 


hk’ 


another. 


if the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and ter- 
minates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
@ 1, sets the Data Error in Data Field (DD) fiag in ST2 to a 1 if 


a CRC error occurs in the Data field, sets bits 7 and 6.in STO: 


‘to 0 and 1, respectively, and terminates the command. 
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if the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit.in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark-(CM) flag in ST2 to a 1, and 
terminates the command. !f SK =.1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data fleld are not checked when 
SK = 1. 


During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 us in the FM 
mode, and within'13 us in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write). operation. in the 
DDFDC, then the ID information in the result phase is dependent 
upon. the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 


command. 


Command Phase: —s_—r 








Gap Length (GPL) _ 
Data Length (DTL) 





Table 3. DDFDC Transfer Capacity 


(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
trom Disk 


26 at Side 0 
or 26 at Side 1 


Maximum Transfer Capacity 


(128) (26) = 3,328 
(256) (26) = 6,656 

















(128) (52) = 6,656 ees 


(256) (52) =. 13,312 
(256) (15) = 3,840” 15 at Side 0 

(512) (15) = 7,680 or 15 at Side 1 
(256) (30) = 7,680 
(512) (30) = 15,360 
(512) (8) = 4,096 8 at Side 0 

(1024) (8) = -8,192 or 8 at.Side 1 
(512) (16) = 8,192 
(1024) (16) = 16,384 


26 at Side 1 


15 at Side 1 


8 at Side 1 
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Final Sector. Transferred 
‘to/from Data Bus 


Result Phase: 


1 Status Register 0 (STO) 
2 Status Register 1 (ST1) 

"3 | Status Register 2 (ST2) 
5 | H): 













Head Number (H) Ai 





Number of Data Bytes per Sector (N) 


WRITE DATA 
A command set of nine bytes places the DDFDC in the Write Data 


mode. After the Write Data command has been received the 


DDFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined “in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, A, N) 
loaded during the cornmiand match the four bytes of the ID field 


from the disk, the DDFDC transfers data from the data bus to’ 


the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data fleld in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1,: respectively, and ST1 bit 
7 (EN). is set to a 1. 


The command can also be terminated by a low on DONE. If 
-DONE is sent to the DDFDC while writing into the current sector, 
then the remainder of the Data field is filled with 00 (zerds). In 
this case, STO bits 7 and 6 are set to 0 and the command is 
terminated. 





The DDFDC reads the ID field of each sector and checks the CRC 
bytes. If the DDFDC detects a read error (incorrect CRC) in one 


Table 4. " DDFDC Command Termination Values 


| 4 | Track Number (7) | 
6 Sector Number (R) : 


Double-Density Floppy Disk Controller (DDFDC) 






__ Result Phase ID 





1. NC (No Change): The same valué-as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


of the ID fields, it terminates the Write Cata command, sets the 
DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to O and 1, 
respectively. : 


The Write Data command operates in much the same manner’ 
as the Read Data command. Refer to the Read Data command . 
for the handling of the following items:. 


© Transfer Capacity : 

¢ End of Track (EN) flag 

* No Data (ND) flag  . 

* Head Unload Time (HUT) interval 

* ID information when the processor terminates. command 
(see Table 4) 

* Definition of Data Length (DTL) when N = 0 and when N # 0 


in the Write Data mode, data transfers from the data'bus to the 
DDFDC must occur within 27 ps in the FM mode, and within 13 ps 
in the MFM mode. If the time interval between data transfers is 
longer than this; then the DDFDC terminates the Write Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to O and 1, respectively. , 


Command Phase: ot . 
| nw jee! 7 [6 {5 [4/3 
Lt [er] we] o fo lo] Ca 


|. | End of Track (EOT). 
[Te [ en tena (GP 
[oa ng ory 
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Result Phase: 


Status Register 0 (STO) 
Status. Register 1 (ST41)- ee: 
Status ‘Reglster 2 (ST2) . 








Track Number (T) 


Head Number (H) L 


Sector Number (R) 
Number of Data Bytes per Sector (N) 





WRITE DELETED DATA 
The Write Deleted Data command is the same as the Write Data 


command except a Deleted Data Address Mark is written at the. 


beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 














Pa 
a 
5 | Number of Cae apes por Secor | 
8 [Gap tegmiry 
rea 


Head Number (H) = 
Data Length (DTL) 





















Status Register 0:(STO) 


_| Status Register 1 (ST1). 
aval Status Register 2 (ST2) 

Head Number (H) — 

Sector Number (R) 


Nuriber of Data Bytes per Sector(N) 











READ DELETED DATA 


The Read Deleted Data command is the 'Same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to. a 1, and then 
terminates the command: If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


| Track Number (71) |: 
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Command Phase: 


Track Number (T) 
Head Number (H) 


Sector Number (R) 
Number of Data Bytes per Sector (N) 





Result Phase: 






iT Sate Reger] 
2 | Sas Regt ery = 
a] siaue Reger ae 
arash umber | 
a) 
ae 
Le 








Sector Number (R) 
7 Number of Data Bytes per Sector (N) 






READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the: DDFDEC starts reading the Data fields as con- 
tinuous blocks of data, This command terminates when the num- 
ber of sectors read is equal to EOT. Multi-track operations are 
not allowed with this command. 


If the DDFOC finds an error in the 1D or Data CRC check. bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a2 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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Command Phase: 


Track Number (1) 


| 4 | Head Number (H) i) 


Ts | seater number @) 
[| numberof Gua eyes por Secor 
0 | Gap tara PD 





| 9 | Data Length (OTL) Z 


‘Result Phase: 


Status Register 0 (STO) 
Status Register 1 (ST1) 


Status Reglster 2 (ST2) 


Track Number an) 


Head Number (H) a 
Sector Number (R) 2 
Number of Data Bytes per Sector (N) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to O and ter- 
minates the command, 





If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is ‘found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are 
set to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 


Command Phase: 


[ww Jere[7 [els |e[a[e]s[e 
r+ [efwfefefifo[+ fo) 
ee Po [x [xe a0 [st [oso 


Result Phase: 
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FORMAT A TRACK. 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System.34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written . 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field Is filled with the data pattern stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (NO) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (TXRQ) output four times per sector.. 
In the Non-DMA mode (ND = 1), the DDFDC asserts Interrupt 
Request (IRQ) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (1), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFODC for.each sector on the track. For sequential formatting 
R is Incramented by one after each sector is formatted, thus, A 
contains the total numbers of sectors formatted when it Is read 
during the result phase. This incrementing and formatting con- 
tInues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to 0. : 


If the Fault (FLT) signal is high from the FDD at the.end of a write 
operation, tha DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, Sets bits 7 and 6 of STO to 0 and_1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. , 


Command Phase: 









Number of Bytes per Sector (N)._ 


[4 [seco por Tack 6 






Gap Length (GPL) 


| 6 | Data Pattern (D) i 


















Notes: 


Table 5. Standard Floppy Disk Sector Size Relationship 


Double-Density Floppy Disk Controller (DDFDC) 


Gap Length (GPL)* 


IBM Disk 1 
IBM Disk 2 





IBM Disk 2D 


IBM Disk 2D 











1. ‘Suggested values of GPL in Read or Write Commands to avoid overlapping between Data field and ID field of contiguous sections. 


2. Suggested values of GPL in Format a Track cornmand. 


3. in MEM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 


4. Values of ST and GPL are in hexadecimal. 








Result Phase: 


1 [Sais Reser od 
a 
3 _| Sans Regeer Gr] 
a [Tso namber? 
aes] 
ae 












Head Number (H)* 
Sector Number (R)* 


cE Number of Data Bytes per Sector (N)* 
* The ID information has no meaning in this command. 


SCAN COMMANDS 


‘The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of Dep, = 
Deus: Depo <= Dgus, Of Depp = Days (D = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 
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the sector.number is incremented (R + STP — R), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 
is reached (EOT), or DONE is received. 





If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), than the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates 
the command. The receipt of DONE from the processor or DMA 
controller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 





lf SK = O and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a t and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Table 6. Scan Status Codes 


| 
Scan Equal 


Scan Low or Equal 


Status Register 2 


Comments 





Depo = Deus 
Depp # Deus 





Scan High or Equal 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 


tor on the track must be read. For example, if STP = 02, MT 


= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal! termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 


During a‘scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 »s (FM mode) or 13 us (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


SCAN EQUAL 


Command Phase: 
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Track Number (T) 
| Head Number (H) 
6 Sector Number (R) 
Number of Data Bytes per Sector (N) 





















SCAN LOW OR EQUAL 


Command Phase: 









[ele ye 
pe Px Px [x Pex 
er 
Te | Sector Number eS 
6 | wmbero at is per Sacer A 
3 
aa | 
a 


End of Track (EOT} 
Gap Length (GPL) 
Sector Test Process (STP) 


Result Phase: 
“oR Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
Head Number {H) 
Sector Number (R) 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 


Command Phase: 





Head Number (H) 


Sector Number (R) 


End of Track (EOT) 
| 8 | Gap Length (GPL) 
i, | Sector Test Process (STP) 












Result Phase: 











[+ | Sie Reger oS 
a sate eaters ory 
9 | Sue Reser 2 61) 
a ra ume 
5 Hees Nomber 6) 
6 sector numer] 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


lf PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FOD 
to cause the read/write head to step in. 

lf PTN > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, NTN is comparéd against PTN. When NTN = PTN, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts IRQ. 


The FDD Susy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to at. 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 
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During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel! seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


if the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to O and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 


-150 us, the time between the first two step pulses may be shorter 


than the Step Rate Time (SAT) defined by the Specity command 
by as much as 1 ms. 


Command Phase: 


Oe 120 10) Oe 


New Track Number (NTN) 





Te Pocpa[x pcp o [ust [oso 
a 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. Tne DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE} flag in STO to a 1 and terminates the command. !f the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and. Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 





Result Phase: None. 
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SENSE INTERRUPT STATUS SPECIFY 
Interrupt Request (IRQ) is asserted by the DDFDC when any of The three-byte Specify command sets the initial values for each 
the following conditions occur: of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
1. Upon entering the result phase of: read/write commands to the head unload state. This timer is pro- 
a. Read Data command grammable from 16 to 240 ms in increments of 16 ms (1 = 16 ms, 
b. Read a Track command 2 = 32 ms,.. .F = 240 ms). 
c. Read ID command ae ; 
d. Read Deleted Data command The Step Rate Time (SRT) defines the time interval between adja- 
8. Write Data command cent step pulses. This timer is programmable from 1 to 16 ms in 
f. Format a Track command increments of 1 ms (F = 1ms,E = 2 ms,D = 3ms,.. .0 = 16 ms. 
g. Write Deleted Data command ’ F 
h. Scan commands The Head Load Time (HLT) defines the time between the Head 


Load (HDL) signal going high and the start of the read/write oper- 


& Ready (ARY) line from:the FOR changes Sie ation. This timer is programmable from 2 to 254 ms in increments 
3. Seek or Recalibrate command termination of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms,.. .7F = 254 ms). 


4. During execution phase in the Non-DMA mode 
The time intervals are a direct function of the clock (CLK on pin 19). 


1RQ caused by reasons 1 and 4 above occur during normal Times indicated above are for an 8 MHz clock. If the clock is 
command operations and are easily discernible by the processor. reduced to 4 MHz (mini-floppy application) then all time intervals 
During an execution phase in Non-DMA mode, bit 5 in the MSR are increased by a factor of two. 

is set to 1. Upon entering result phase this bit is set to 0. Reasons 

1 and 4 do not require the Sense Interrupt Status command. The The choice of DMA or Non-DMA operation is made by the Non- 
interrupt is cleared by reading or writing data to DDFDC. Inter- DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
rupts caused by reasons 2 and 3 are identified with the aid of selected, and when ND = 0 the DMA mode is selected. 

the Sense interrupt Status command. This command resets IRQ 

and sets/resets bits 5, 6, and 7 of STO to identify the cause of Command Phase: 





the interrupt. Table 7 defines the seek and interrupt codes. RAW BYTE | 7 | 

WwW 1 0 
Neither the Seek or Recalibrate command has a result phase. [2 | sam | 
Therefore, it is mandatory to use the Sense Interrupt Status com- 


mand after these commands to effectively terminate them and | 3 | HL 
to verify where the head is positioned by checking the Present 

Track Number (PTN). SRT — Step Rate Time 

HUT — Head Unload Time 

HLT — Head Load Time 

ND — Non-DMA mode 





Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Result Phase: None. 
Command Phase: 


[rw [evel 7 [6 [sisiaj2{ 3 [oo | 
| wef 1 fofofofolsjo} ol] o 
Result Phase: 


Status Register 0 (STO) 
baer | Present Track Number (PTN) 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Cod 


ae areas ee es ee eee 

t 0 RDY line changed state, either polarity 

0 , 1 Normal termination of Seek or Recalibrate command 
TE sre ee 






















Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 


Command Phase: 





Result Phase: 


Sra Status Register 3 (ST3) ~ 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and RQM) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command tobe an invalid command. 


In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 


Command Phase: 
pnw [eve | 7 |e s[2[+ [oe 
fF ow | 4 | Invalid Codes 


Result Phase: 


a ae a Status Register 0 (STO) = 80 





PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 us before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution hase. 
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During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


INTERRUPT REQUEST MODE 


. During the execution phase, the MSR need not be read. The 


receipt of each data byte from the FDD is indicated by IRQ | low 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in the 
DMA mode, the IRQ is asserted at the result phase. The iRQ 
signal is reset by a read (R/W high) or write (RAW low) of data 
to the DDFDC. A further explanation of the IRQ signal is described 
in the Sense Interrupt Status command on page 16. If the system 
cannot handle interrupts fast enough (within 13 ys for MFM mode 
or 27 us for FM mode), it should poll bit 7 (RQM) in the MSA. 
In this case, ROM in the MSR functions as an Interrupt Request 


(IRQ). If the ROM bit is not set, the Over Run (OR) flag in ST1 


will be set to.a.1 and bits 7 and 6 of STO will be set to a 0 and 


1, respectively. 


DMA MODE 


When the DDFDG is in the DMA mode (ND = 0 in the third com- 
mand byte of the Specify command), TXRQ (DMA Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts TXRQ as each byte 
of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and R/W high 
(read). When DACK goes low the DMA Request is reset 
(TXRQ low). After the execution phase has been completed 
(DONE low or the EOT sector is read), IRQ is asserted to indicate 
the start of the result phase. When the first byte of data is read 
during the result phase, IRQ is reset high. 


During a write command, the DDFDC asserts TXRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and R/W low (write). 
When DACK goes low the DMA Request is reset (TXRQ low). 
After the execution phase has been completed (DONE low or 
the EOT sector is written), IRQ is asserted. This signals the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, the IRQ is reset high. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Setect lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD’s looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts IRQ. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1.024 ms 
except during read/write commands. 





Double-Density Floppy Disk Controller (DDFDC) 





R6565 


a) IN/OUT FROM DDFDC TO DATA BUS 
{MSR BIT 6) FROM DATA BUS TO DDFOC 

REQUEST | 

FOR MASTER 

(ROM) 

(MSR BIT 7) 


ENABLE (92) 


READ; __ 
WRITE (R/W) 





[a] DATA REGISTER READY TO BE WRITTEN INTO 


NOTES 


[¢] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [ D | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 








Figure 3. DDFDC and System Data Transfer Timing 
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AN38HND AAOT 
das 

43844 1in¥s 

0 wOVHL 

Liiva 
2 atNS-OAL 
L331L00d Jia 


¥1VO 2UM 


viva av3y 





OO0SSY 9} a9ep9}U] DGA00 S9S9u 





‘py ain6i4 
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R6565 » = Double-Density Floppy Disk Controller (DDFDC) 


COOK IOI OK 0: 
AS VALID OOK) O55 505105 
205 III 


"2% e%e"a"a"aa™, = , 
ee : 
We OSS 


D0-07 
(DATA OUT) 


eseceseneees <i aceues ereeen oneness 
stetetetetete RS VALID S50 Ce eeatetetetetatetocatates 


DO-D7 Ss é erarare te, 550505 
(DATA IN) esas 





Figure 7. Write Cycle Timing 
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R6565 _ Double-Density Floppy Disk Controller (DDFDC) 








Figure 8. DMA Operation Timing 


.WRITE cLock 


Si . 


WRITE ENABLE 
(WE) 


"Ge | 
PRESHIFT 0 OR 1 
pe0.bsii oa 
WRITE DATA 
(WDA) 














READ DATA 
(RODD) — 


READ DATA WINDOW 
(RDW) » 





NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 








Figure 10. FDD Read Operation Timing 
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R6565 | ~ Double-Density Floppy Disk Controller (DDFDC) 








USO, US1 STABLE 3 


___ SEEK 
(RW/SEEK) 


DIRECTION 
(LCT/OIR) 


STEP 
(FR/STP) 











Figure 11. Seek Operation Timing 






FAULT RESET 


(FR) - 


Figure 12. Fault Reset Timing Figure 13. Index Timing 




















RESET 

















Figure 14.. DONE Timing Figure 15. RESET Timing 


‘ 





INPUT/OUT TEST POINT cLock TEST POINT 





0.45V 


INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC "1" AND 0.3V FORA 
A LOGIC “0:' TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC ''0:’ TIMING MEASUREMENTS ARE MADE AT 2.4V FORA 
A LOGIC “1" AND 0.8V FOR A LOGIC “0: LOGIC “1” AND 0.65V FOR A LOGIC “0.” 














Figure 16. AC. Timing Measurement Conditions 
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‘R6565 . - | = Double-Density Floppy Disk Controller (DDFDC) 








AC CHARACTERISTICS 
(Voc = 5.0 Vdc £5%, Vss =0 Vdc, Ta = 0°C to 70°C) : 
























Fa |no | _chanarerste | mba | at. sym. | tn. | ts | ax. | unt | coniona 
Fig. _ Characteristic Typ. Conditions 
a a 

[2 | Clock High, Lowwieth | tea | oy | StS] | Sins: | OMI 

[3 [Clock Rise Time Ct ro | = |. — [as | 

[4 | Glock FallTimeSSS*d'Ctw a ee eee 

[8 |@2ClockGycleTime S| Cty | Po [ — | — | ns | 

[6 [@2Cocklw SS SC~dC CdS Ct 20 | — | — || 

a a | 

[8 [| Address SetupTime |e Fo | ns | GC, = 1000F 

[9 [AddressHold Time stu | a : 

P10 [DataAccessTimeSS*' «stay 

P41 | DataSetupTime Sd stn 

| 42 | Data Hold Eas, ae | taxa | 

| 13 | TXAQ Setup to ¢2 High | tren - | 

P14 [TXRQSetuptog2tow sd ts | 

P16 [ TXAQ Hold trom@2iow | ste | Ct 

748 

PONE DelayTime str 
TWCK High Widths sts 






- 
iz 
na 
Pay 
i 


WCK High to. PSO, PS1 Valid (Delay) 


WCK Rise, Time 
PSO, PS1 Valid to WDA High (Delay) 


| WCK Fall Time 


ad 
\s] 
iL 
io 
iT 


Ny 


(2 84] 3) /2(e) 2/2] )8[0)8/8] 3/82 2 


7 | WDA High Wiath 
WE High to WCK High or WE Low to WCK Low 





RDW Valid to RDD High (Setup) 
RDD Low to RDW Invalid (Hold) 
RDD- High Width 


SEEK Low to USO, US1 Invalid (Hold) 
37 | SEEK High to DIR Valid (Setup) eK 





DIA Valid to STP High (Setup) 
STP Low to DIR Invalid (Hold) 


| DIR Invalid to SEEK Low (Hold) toxs 
STP Low to USO, US1 Invalid (Hold) 


_ 





STP High Width as 
STP Cycle Time 
FR High Width 


IDX High Width 
DONE Low Width 


RES Low Width 


i 
RDW Cycle Time 


‘WCK Cycle Time © 
Wi 


tn | tix 
tran 


taHAL 


= a” = ic id” >= a 
dddddudddddddddauaadieludidadddddaanaaade 


USO, US1 Valid to SEEK High (Setup) 


> 
~“ 


tast 















2. For MFM = 0: Typ. = 24s 
For MFM = 1: Typ. =.1 4s 

3. tgc = 33 xs min. is for different drive units. In the case of the same unit, | 
tgc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 

to 32 ms with 4 MHz clock, under software control. 
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R6565 Oo Double-Density Floppy Disk Controller (DDFDC) 


ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 


Operating Temperature Range A reliability. 
Storage Temperature Range -—55 to +150 


OPERATING CONDITIONS 


Range 
Voc Power Supply 5.0V +5% 

















DC CHARACTERISTICS 
(Voc = 5.0 Vde +5%, Vgg = 0 Vdc, Ta = 0°C to 70°C, unless otherwise noted) 


Input Low Voltage 
Logie 
CLK and WCK 


Vv 
Input High Voltage Vv 
Vv 


| Unit Test Conditions = 
Logic 


Lees 
pA Voc = OV to 5.25V, Vgg = OV 
ae 


Voc = Oto 5.25V, Vss = OW 
Vour = +045V 


Ta = 25°C 





CAPACITANCE 
(T, = 25°C; f, = 1 MHz; Veg = OV) 


Note: All pins except pin under test tied to ground. 
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R6565 - Double-Density Floppy Disk Controller (DDFDC) 


PACKAGE DIMENSIONS 







40-PIN CERAMIC DIP 






















[MILLIMETERS] INCHES | 
| MAX | MIN | 


om [man 

| A_ | 50.29 | 51.31 | 1.980 | 2.020 | 
| B [14.86] 15.62 [0.585 | 
| ¢ | 254] 4.19 10.1007 0.165 | 
| O | 0.98 | - 0.59 | 0.015 | 
£0.76 1 1.40 | 0.080 | 0.085 | 


|_0.100 BSC__| 
ra [are] 178[0030 | 0.070 * 
[J {0.201 0.39 [0.008 | 0.073 | 
LK { 254 4.19 | 0.100 | 0.165 | 
| t [14.60 | 16.97 | 0.575 | 0.605 | 
Pu fo [sor | or | to 





























SULT | 


40-PIN PLASTIC DIP 





MILLIMETERS were 


se{zo0| 200 | 
2 bao 
| 0.200 | 
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R6592 


-R6592 


R6500 Microcomputer System 


SINGLE-CHIP PRINTER CONTROLLER 


Rockwell 





INTRODUCTION 


The Rockwell R6592 is a single-chip printer controller for 
eight different EPSON* dot-matrix impact printers, models 
210, 220, 240, 511L, 512, 522, 541L, and 542. The R6592 
offers the flexibility to support any of these models with a 
minimum of circuitry. Generation of 96 standard ASCII 
upper and lower case characters and 6 special characters 
is provided. In addition, up to 10 ASCII control commands 
are accepted, depending upon the printer. Logic is included 
in the R6592 to print up to 26 columns on the 210, 220, 
and 240 models, and up to 40 columns on the 511L, 512, 
522, 5411 and 542 models. 


Input data may be selected to be in the AS-232 serial for- 
mat with selectable baud rate from 50 to 7200 bits/second 
or the parallel format. External circuitry is required to con- 
vert RS-232 logic levels to R6592 interface logic levels. An 
external latch may be required for the R6592 to sample 
parallel data. If both selectable seria! and paralle! data inter- 
face capability is desired, two external multiplexers are 
required; one to combine four serial baud select lines and 
four parallel data interface lines into four R6592 input lines 
and the other to combine two serial data/control lines and 
two paraile! control lines into two other R6592 input lines. 


*EPSON is a trade name of Shinshu Seiki Co., Ltd., a 
member of the Seiko Group. EPSON printers are distributed 
in the United States by C. Itoh Electronics, Inc. The R6592 
meets the printer specifications listed in this data sheet. 


FEATURES 

® Controls EPSON Dot-Matrix Impact Printers: 
Model 210 ‘Model 512 
Model 220 Model 522 
Model 240 Model 541L 
Model 511L Model 542 


@ Minimal Support Circuitry Required 
@ On-Chip 5 x 7 Dot-Matrix Character Generation 


@ 96 Standard Upper and Lower Case ASCII Characters 
(7 Bit Code) 





Document No. 29000D58 


@ Six Special ASCII Characters (7 Bit Code) 





@ Up to 10 ASCII Commands Accepted (Printer Dependent) 
@ Selectable Serial or Parallel Input Data Operation 


@ Centronics Standard Parallel Interface 


— Seven Data Lines Plus Data Strobe and Input Drive 


Input 


— Busy and Acknowledge Output 
RS-232C Serial interface 


— Baud Rate from 50 to 7200 Bits per Second 
— Received Data and Data Set Ready Input 


— Data Terminal Ready Output 

Single + 5V + 10% power supply 

40 pin plastic or ceramic DIP 

1 MHz operation (2 MHz external crystal) 


VAR 
PCL3 
PCL2 
PCL1 

NC 

PM1 

SER DET 
ACK 
BUSY/DTR 
XTLI 
XTLO 
vss 
MDS 
PS7 

Ps6 

PS5 

PS4 

PS3 

Ps2 

PS1 





oOenrnunarb WN 


—_> wh 
= © 


Pe ee ee ee ee ee 
OM Onoaner on 


VCC (+5 Vdc) 
RES 

PTR TIM 
DS/RSD 

SER SEL 


| PAT 


PM2 
PM3 


AL/RL 
vcc 
DL 
DL2 


‘DL3 


DL4 
DL5 
DL6 
DL? 
INP/DSR 
SER CLK 
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R6592 Pin Configuration 





Data Sheet Order No. D5& 
Rev. 1, August 1983 





R6592 


SERIAL 
INTERFACE 
(RS 232) 


SERIAL 
INTERFACE =F 
LoGic — INPUT 
“PARALLEL 
INTERFACE 
LOGIC 


PARALLEL 
INTERFACE 


(CENTRONICS) | ee 


. SERIAL 


PARALLEL 


CHARACTER 
| PREBUFFER 


2 MHZ 
CRYSTAL | 


SERIAL/ 
PARALLEL 
SELECT 


“RESET 


SWITCH - BUFFER 


CHARACTER 


_ LINE DATA 


‘| NON-PRINT 


Single-Chip Printer Controller 


MAGNET 


COMMAND DRIVERS 


CONTROL 


MOTOR 
_ DRIVE 
CIRCUIT 


PRINTER 
MOTOR 
CONTROL |. 


CONSTANT 
CURRENT. 
SOLENOID 
DRIVER: 


TIMING & 


_DIRECTION 


MONITOR 


PRINT 
SWITCH 


PRINTER 
_ MODEL 





R6592 Interface Diagram 


INTERFACE SIGNALS 


_ PRINTER SOLENOID 1 (PS1) 
"PRINTER SOLENOID 2 (PS2) 
PRINTER SOLENOID 3 (PS3) 
PRINTER SOLENOID 4 (P54) 
PRINTER SOLENOID 5 (PS5) 
PRINTER SOLENOID 6 (PS6) 


Active low output signals used to command seven constant 
current print head solenoid drivers. When low, the respec- 
tive solenoid will be energized to print a dot; and when 
high, the solenoid wil! be de-energized to not print a dot. 
Each solenoid line corresponds to a dot position on the 
seven row print head. Line. PST corresponds to the top dot 
and PS7 corresponds to the bottom dot. The output lines 
are activated by the positive edge of the timing signal 
(TIM). The TIM. signal should’also be used to gate PS1 
through PS7 to the current drivers and to de-energize the 
current driver inputs within 600+20 psec of the start of the 
TIM signal by means of a one-shot flip-flop. 


PRINTER CONTROL LINE 1 (PCL1) 
PRINTER CONTROL LINE 2 (PCL2) 
PRINTER CONTROL LINE 3 (PCL3) 
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Active low output control lines used to issue various non- 
print commands to the printer. These lines are inputs to 
+24V drivers. When low, these lines cause magnets to.be 
energized in the printer; when high, the magnets are to be 
de-energized. These lines are assigned to. specific signals 
depending upon printer model: 


R6592 Signal Name 
Printer 









































NA Paper Feed Change Color 
Paper Feed (R) | Paper Feed (L) 
NA Paper Feed Slip Release 
Paper Feed 
Paper Feed 
Paper Feed (A) |.Paper Feed (L);; Stamp and Cut Paper 
NA Paper Feed -Paper Release 
NA ‘Paper Feed 


Paper Release 





NA = Not Assigned 


TIMING (TIM) __ 
RESET LEFT (RL/AL) 
RESET RIGHT (RR) 





R6592 


Single-Chip Printer Controller 





Input signals used to indicate print cycle Timing. The R6592 
initiates a print cycle on the leading edge (positive transi- 
tion) of the TIM signal information to the R6592. The RESET 
signals are active low for the 500 Series (RR and RAL) and 
are active high for the 200 series (RL). The printer timing 
and reset lines are assigned as follows: 







R6592 Signal 


a 


R Detector (RL) 

R Detector (AL) 

R Detector (RL) 

Reset Signal R-L 
(Al) 

Reset Signal R-L 
(RL) 

Reset Signal R-L 
(AL) 

Reset Signal R-L 
(RL) 

Reset Signal A-L 
(RL) 





Printer 
Model 






T Detector 
T Detector 
T Detector 
Timing Signal 


NA 

NA 

NA 

Timing Signal Reset Signal A-A 
(RR) 

Reset Signal R-A 
(RR) 

NA 


Timing Signal 





Timing Signal 


Reset Signal R-R 
(RR) 


Timing Signal 





See Detail Timing Diagrams in Printer Specifications. 


MOTOR DRIVE SIGNAL (MDS) 


Active low output signal used to control application of power 
from a driver circuit to the printer motor. When high, the 
motor drive is turned off and when low, the motor drive is 
turned on. The driver circuit for the 500 series must supply 
10 to 30 ma at TTL levels. The driver circuit for the. 200 
series must additionally provide motor braking. 


PRINTER MODEL 1 (PM1) 
PRINTER MODEL 2 (PM2) 
PRINTER MODEL 3 (PM3) 


Encoded input lines used to determine which printer model 
is connected to the R6592. A connection to GND (low) 
causes “0” to be read. An open input (high) causes logic 
“1” to be read. The encoding for the printer model is: 


Printer Model Line : 






Printer 





=—-—-%rF 2 OCF000 
=-0O-00+ 0 











PRINT (PRT) 


Active low input line used.to command A6592 to print a 
line. When low (GND) print commands will continue to be 
issued. If the print buffer is partially filled, a line will be 
printed. Line feeds will subsequently be issued while PRT is 
low. When high (open), print commands will not be issued. 
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SERIAL SELECT (SER SEL) 


Active high input line used to indicate the desired data trans- 
mission mode to the R6592. When. high (open), input data 
will be received and processed from the_ serial interface. 
(RS-232C). When low (GND), input data will be received and 
processed from the parallel interface (Centronics). 


If both transmission modes are to be implemented (but not 
simultaneously), the SER SEL line should be used to select 
either serial or parallel signals through multiplexer circuits. If 
either serial or parallel data transmission is exclusively 
used, multiplexing of the indicated serial/parallel signals is 
not required. 


DATA LINE 1/BAUD RATE 1 (DL1/BR1) 

DATA LINE 2/BAUD RATE 2 (DL2/BR2) 

DATA LINE 3/BAUD RATE 3 (DL3/BR3) 

DATA LINE 4/BAUD RATE 4 (DL4/BR4) 

Active high input signals used as parallel data lines if parai- 
lel data transfer mode is selected, or used as baud rate 
select lines if serial data transfer mode is selected. 


If parallel data transfer mode is selected (SER SEL = low) 
these lines represent four of the seven total data lines (see 
below). DL1/BR1 represents the least significant bit when 
ASCIl characters are decoded. If serial data transfer mode 
is selected (SER SEL = high), the data transfer baud rate 
in bits per second is: 


Data Line/Baud Rate Line 


DL3/BR3 


DL4/BR4 DL2/BR2 DL1/BR1 











e-4e444200000 000 
~Ooo0os44--40000 
SASS etia oe kts Ss 
o- 00,090 = O44 O-0 





Note: 1 = High (open), 0 = ‘Low (GND). 
*Data cannot be sent to the R6592 while the print head is 
moving. 





DATA LINE 5 (DL3) 
DATA LINE 6 (DL4) 
DATA LINE.7 (DLS) 


Active high input signals used as data lines when parallel 
data transfer mode is selected (SER SEL = low). DL7 rep- 
resents the most significant bit (MSB) when ASCII -charac- 
ters are decoded. Not used when serial data transfer mode 
is selected (SER SEL = high). 








R6592 


Single-Chip Printer Controller 





INPUT PRIME (IP)/DATA SET READY (DSR) 


‘Input line multiplexed between a parallel communications 
control line (INPUT PRIME) and a serial communications 
control line (DATA. SET READY). © 


It the parallel data transfer mode is selected (SER SEL = 
low), this line is assigned to INPUT PRIME (IP). When 
IP/DSR is high, the R6592 issues prints commands to the 
printer in a normal fashion. When.:IP/DSR is low, the R6592 
will disable printing. This line can, therefore, be used as a 
print disable line to selected printers In a multiprinter sys- 
tem. 


ff the serial data transfer mode is selected (SER SEL 
high), the line is assigned to DATA-SET READY. (DSR). 
When high, DSR indicates that the transmitter is operative 
and the R6592 will accept. data. When low, DSR indicates 
that the transmitter Is not ready to operate and the R6592 
will not accept serial data. 


DATA STROBE (OS)/RECEIVED SERIAL DATA (RSD) 


Input line multiplexed _ between a parallel communications 


control line (DATA STROBE) ‘and the. serial. communications. 


data fine (RECEIVED SERIAL BATA 


lf the parallel data transfer mode is selected (SER SEL_= 
low), this line is assigned to the DATA STROBE (DS). 
When DS goes low, the R6592 detects the negative transi- 
tion, and samples the data on the parallel data lines. The 
data must be present on the data lines for at least 50 psec 
atter DS goes low. 


If the serial data transfer mode is selected (SER SEL = 
high), the line is assignad to RECEIVED SERIAL DATA 
(RSD). The data is processed in accordance with the selected 
baud rate. The data must by converted from AS-232 logic 
levels to R6592 logic levels. The R6592 logic state is inverted 
from RS-232 logic state. 


BUSY DATA TERMINAL READY (BUSY/DTR) 


Output fine multiplexed. between a parallel communication 
control line (BUSY) and a serial communication control. line 
{DATA TERMINAL READY). 


lf the paratiel data transfer mode is selected (SER SEL = 
low), this line is assigned to BUSY. When high, BUSY indi- 
cates that the R6592 cannot recelve data: When low, BUSY 
indicates that the R6592 is ready to receive data. BUSY is 
switched high during character print and while non-print 
commands are being processed. 


It the serial data transfer mode _is‘selected (SER SEL_= 
hig h), this line is assigned to DATA TERMINAL READY 


(DTR). When high, OTR indicates that the R6592 cannot 
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receive data. When low, [ OTR indicates that the R6592 is 
ready to receive, data. DTA is switched high during character 
print and while non-print commands are being processed. 


ACKNOWLEDGE (ACK) 


Active low output signal used to inform the parallel data trans- 
mitter that an input character has been received. ACK is 
switched low for 5 usec to indicate receipt of a character. 


SERIAL CLOCK (SER CLK) 


A bi-directional line used to detect the start of the received 
serial data and to then clock in the serial data bits. When 
DET ENA -is low, this line monitors the input serial data 
stream for the. start bit. When the leading (falling) edge of 
the start bit is detected, the DET ENA is switched high and 
this line is switched to an output. Output pulses are gener- 
ated on this line to clock the received serial data into the 
R6592 at the selected baud rate. 


SERIAL DETECT ENABLE (DET ENA) 

Active high output used to enable the received serial data 
onto the SER CLK fine. Upon detection of the received 
serial start bit, this line is switched low to. disable the 


received serial data from being placed on the SER CLK 
line. 


PRIMARY POWER (VCC) 


R6592 primary power supply: +5V+10%. Supplies power 


to CPU, I/O, timer and supporting circuitry. 


RAM POWER (VRR) 

R6592 RAM power supply: +5V+ 10%. ‘Supplies power to 
the internal R6592 RAM. This line should be connected to 
VCC power supply. 

SIGNAL GROUND (VSS) 

R6592 power and signal ground. 

XTLI 

Input from 2 MHz crystal. 

XTLO 

Output to 2 MHz crystal. 

RESET (RES) 

Active low signal used to reset and. initialize the R6592. 
Must be held low for at least 8 psec after VCC reaches 


operating voltage and the clock frequency on XTLO has 
stabilized. 





R6592 _ | Single-Chip Printer Controller 





Standard 96 Character 5x7 Matrix Dot Patterns 


20 21 22 
goooo goaco osg080 





~ 
a 
~l 
m 


oO 

ia] 

[a] 

oe 

ie] 
pgocosd 
oo00800 
oo00008a 
ooo00s8D 
aogoso00 





Special 6 
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R6592 | _ Single-Chip Printer Controller 


R6592 Internal Data Format for 7-Bit ASCII Table 
Character Look-Up 





SZ 


4 3 2. +t. 0 

D DL4 ; 
[>< 207 [ee [ous |e | oes foes | us] ama 
AA 8 Jo7- Received Serial Data 
jew MSB | Bit Assignments 


7 6 5 
Received Parallel Data 





. “MSD - sD For ASCII Table Look-up 


ASCII 7-Bit Code Character Set Table” 






























3 4 7 
LSD 011 100 111 
0 @ _P p 
1 A Q a q 
2 B R b r 
3 Cc Ss. c s 
4 D T d t 
5 E U e u 
6 0110 : & 6 F V f v 
7 0111 c 7 G WwW 9 w 
8 1000 CAN ( 8 H x h x 
9 1001 ; ) 9 ! Y i y 
A | 1010 ales LF ¥ Ws 8 J Zz j z 
B 1011 VT t + : K k { 
Cc 1100 “FF 1p ? < L \ ee | 
D 4101 CR ¢ = = M ] m:. } 
E 1110 a ‘ > N i A = 
F 1411 al / 2 O rad 0 
‘ x : 

LF — Line Feed CAN — Cancet: 

VT — Vertical Tabulation ¥ —Yen 

FF — Form Feed t — Pound 

CR — Carriage Return ¢  —Cent. 

DC1 — Device Control 1 2 — One-Half 

DC2 — Device Control 2 


— No Tax 
DC4 — Device Control 4 


4 Tax 


1 
N 
DC3 — Device Control 3 T 
T 
x 


Note: Valid control commands are dependent upon printer model. 
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R6592 | Single-Chip Printer Controller 


PARALLEL DATA INTERFACE guy 3 BUSY/OTR 
BUSY RET 


INPUT PRIME 
INPUT PRIME RET 


DATA STROBE 
DATA STROBE RET 


ACKNOWLEDGE 
ACKNOWLEDGE RET 





DATA 1 


DATA 1 RET } 2 
OL2/BR2 


DATA 2 
DATA 2 RET 
DL3/BR3 
*NOT REQUIRED IF PARALLEL DATA DATA 3 


IS HELD FOR 250 1S AFTER LEADING DATA 3 RET Pa 
EDGE OF DS OR UNTIL ACK IS RECEIVED. DLa/BR4 
DATA 4 
DATA 4 RET 


DATA 5 
DATA & RET 


DATA 6 
DATA 6 RET 
DATA 7 
DATA 7 RET - 


DATA 8 R6592 INTERFACE 
DATA 8 RET 


CENTRONICS PARALLEL INTERFACE 





PARALLEL DATA TIMING 
i EH 


INPUT PRIME (IP) apie oa (eee ee 


$$$ pp pre 


DATA STROBE (DS) 


1.48 


50 .S (MIN)* 7 
PARALLEL DATA (0L1-0L7) | So mae caer SSS 
5 4S —.—~| 
(TYP) 


BUSY ‘ J eg oy —— 


*OR UNTIL ACK IS RECEIVED. 


- ACKNOWLEDGE (ACK) 
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R6592 | Single-Chip Printer Controller 


SERIAL DATA INTERFACE | DET ENA 
OPEN 


; pa SeeRIeLic 


RECEIVED SERIAL 
DATA (RSD) 


TAS IP/DSR 
DATA SET READY (DSA) 
DATA TERMINAL READY (DTR) ny <1 | BUSY/DTR |. 


AS-232 INTERFACE R6592 INTERFACE 












- SERIAL DATA TIMING 
DATA SET READY (DSR) 


------- ee et os ee 


a ae Ck s—S eo 
SERIAL DETECT ENABLE (DET ENA) 
ULL 
SERIAL CLOCK (SER CLK) 7 


7BITCODEDATASAMPLES:{ ¢ — ¢ ¢ f ¢ 


memes a OS ea 
RECEIVED SERIAL DATA (RSD) 
RECEIVED SERIAL DATA (ASD) i; vel “1 * T° T* 7” dase pais 


START BIT. — 
, et 7 BIT CODE PARITY BIT AND 
Agia : 
RECEIVED DATA BITS OR MORE STOP BITS 


DATA TERMINAL READY (DTR). - si 
~ | ‘s 
DATA TERMINAL READY (DTR) 
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R6592 


Single-Chip Printer Controller 





PRINTER INTERFACE SPECIFICATIONS 


The R6592 is designed to meet the interface requirements 
stated in the following printer specification: 


Model-210 Impact Dot Matrix Mini-Printer (Preliminary) 
Rev. 4, AUGUST 30, 1978 


Model-220 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18, 1978 


Model-240 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18, 1978 


Model-511L Impact Dot Matrix Printer (Enlarged Character) 
Revision 1 JULY 13, 1978 


Model 512 Dot-Matrix Impact Printer (P512DF), 
APRIL 10, 1978 


Model 522 Dot-Matrix Impact Printer (P522DF), 
MARCH 1, 1978 


Mode! 541L Impact Dot Matrix Printer (Enlarged Character), 
Revision 1, July 19, 1976 


Model 542 Dot-Matrix Impact Printer (P542DF), 
MARCH 1, 1978 
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For further printer information, contact: 


EPSON America, Inc. 
23844 Hawthorne Blvd. Ltd. 
Torrance, CA 90505 
Phone: (213) 378-2220 
TWX: 910-344-7390 





C. Itoh Electronics, Ine. 
5301 Besthoven Street 
Los Angeles, Calif. 90066 
Phone: (213) 390-7778 
Telex: WU 65-2451 


C. Itoh Electronics, Inc. 

280 Park Avenue 

New York, New York, 10017 
Phone: (212) 682-0420 
Telex: WUD-12-5059 
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ABSOLUTE MAXIMUM RATINGS" 


[Parameter | Symbol | Value | Unit | 
Supply Voltage -0.3 to +7.0 
Input Voltage -0.3 to Veg +0.3 
Output Voltage | Vout | -0.3 to Voc +0.3 

Ta °C 

Commercial 0 to +70 

Industrial -40 to +85 


Storage Temperature -55 to +150 


STATIC DC CHARACTERISTICS 
(Veco = 5.0V +10%) 















Operating Temperature. 






Parameter | 
Power Dissipation (Outputs High) 





Single-Chip Printer Controller 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


"Input Low Voltage (Normal Operating Levels) . 
Input Threshold Voltage 


Input Leakage Current 
Via = 0 to 5.0 Vde 
RES 


Input Low Voltage (XTLI) 


Input Low Current. 


Output High Voltage 
(Voge = MIN, ILoag =. — 100 pAdc) 


Output Low Voltage 
(Vee = Min, Iioag = 1.6 mMAdc) 


Output High Current (Sourcing) 
(Vou = 2.4 Vdc) 


Output Low Current (Sinking) 
(VoL = 0.4 Vdc) 


Input Capacitance 
Vin — 0, Ta = 25°C, f = 1.0 MHz) 
Pins 2-9, 13-29 and 31-38 
XTLI, XTLO 


Output Capacitance — 
(V,, — 0, T, = 25°C, f = 1.0 MHz) 





Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 


0.1 5S.MAX. 
(3.83MM) 


DOT OR NOTCH _ cea: 


‘ _— at oe 
0.600 MAX (15.87) 0.625 (7.87 MM) 
(15.24 MM). (15.11), 0.595 : oF 
20, i= eeree : a a) 0.100 MIN. 


PIN NO. 1 


(2.54 MM) 
0.022 1 9.010 MN 
a.o1e TYP (0.25 MM) 


2.020 MAX | G.g10) (40.51 Mi) 
(51.30 MM) (7-600) (48.00 MM) 


49 EQUAL SPACES 
0.100 @ TOL NONCUM. 
(2.54 MM) 


NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION. 
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R65560 


MULTI-PROTOCOL COMMUNICATIONS 
CONTROLLER (MPCC) 





PRELIMINARY 


DESCRIPTION 


The R65560 Multi-Protocol Communications Coritrolier (MPCC) . 


interfaces a single serial communications channel to a.6500/ 
6800 microcomputer-based system using either asynchronous 
or synchronous protocol. High speed bit rate, automatic format- 
ting, low overhead programming, eight character buffering, and 
two channel DMA interface optimize MPCC performance to take 
full advantage of the 6500/6800 processing capabilities. 


In synchronous operation, the MPCC supports bit-oriented 
- protocols (BOP), such ag SDLC/HDLC, and character-oriented 
protocols (COP), such’as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding: Formatting, synchronizing, validation and error 
detection is performed automatically i in accordance with protocol 


requirements and selected options. Asynchronous (ASYNC) and 


isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. ; 


Control, status and data are transferred between the MPCC and 
the microcomputer bus via 19 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more CPU/ 
MPU processing time to service data received or to be 
transmitted and to maximize bus throughput, especially during 
DMA operation. The two-channel Direct Memory Access (DMA) 
interface operates with the MC6844 DMA Controller. 


An on-chip oscillator drives the internal baud rate generator 
(BAG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BAG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 


ORDERING INFORMATION 


Part Number 


Frequency Temperature Range 
FR65560 __ 4 MHz 0°C to 70°C 


Package: C = Ceramic 
P = Plastic 





FEATURES 
e Full duplex synchronous/asynchronous receiver and transmitter 


¢ Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 


¢ Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.26, ISO IS1745, ECMA-16, 
etc. 


¢ Supports synchronous bit-oriented protocols (BOP), such as 
SDLC, HDLC, X.25, etc. 


¢ Asynchronous and isochronous Antes 
® Modem handshake interface 
e High spéed serial data rate (DC to 4 MHz) 


* internal oscillator and Baud Rate Generator (BRG) with pro- 
grammable data rate , 


* Crystal or TTL level clock input and buffered clock output 
(8 MHz) 


¢ Direct interface to 6500/6800 microprocessor bus 
e Eight-character receiver and transmitter buffer registers 


¢ 19 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 


e Maskable interrupt conditions for receiver, ‘transmitter and 
serial interface 


. Programmable microprocessor bus: data transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC6844 


* Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 


° Selectable full/half duplex, autoecho and local loop-back 
modes 


* Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41,, VRC/LRC): 





Document No. 29651N50 


Product Description Order No. 2147 
Rev. 1, March 1984 
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TO Fix LOGIC 
(TEST MODE) 


REGISTERS 
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STATUS TO Tx LOGIC 
REGISTERS 











= BAUD RATE GENERATOR 
x 
RuFIFO READ 
=N COUNTER PRESCALE 
: (BROA1, BADR2) (PREDIV) 
Ax CLOCK | | — 
OMA SELECT aes soe 64 | 
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To Tx LOGIC 
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Figure 1. MPCC Block Diagram 
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PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are.denoted by a superscript bar. RW 
indicates a write is active low and a read active high. 


AO — A4—Addrees Lines. AO - A4 are active high inputs used 


in conjunction with the CS input to access the internal registers. ° 


The address map for these registers is shown in Table 1. 


DO — D7—Data Lines. The bidirectional data lines transfer data 
between the MPCC and the CPU, memory or other peripheral 
device. The data bus is tri-stated when cs is inactive. (See 
exceptions in DMA mode.) 


¢S—Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. 


R/W—Read/Write. A/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a ‘read (high) or write (low): cycle: 


: @2—Phase 2. During a write (RW low), the $2 negative transition 
latches data on data bus lines D0 - D7 into the MPCC. During | 


a read (A/W), $2 high enables data from the:MPCC to data bus 


iRQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the CPU. 1AQ is driven high after assertion 
prior to being tri-stated. 


TDSR—Transmitter Data Service Request. When Transmitter 
DMA mode is active, the iow TDSR output requests DMA service. 





DATA 
BUS 
ADDRESS 
BUS 


BUS 
INTERFACE 


DMA 
CONTROL 


INTERRUPT 
CONTROL 





RDSR—Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 





-DACK—DMA Acknowledge. The DACK low input indicates that 


that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DTS—DMA Transfer Strobe. The DTS low input causes a DMA 
transfer to occur on the next 2 cycle. When R/W is high, data is 
transferred into the TxFIFO; when R/W is iow, data Is transferred 


from the RxFIFO. 


DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred. 
DONE will also be asserted by the MPCC, if enabled by bit 5 in 
the RCR, when the status byte folloiwng the last character of 
a frame (block) is being transferred in response to a RDSR. The 
DONE signal asserted by the DMAC in response to a TDSR will 
be. stored to track with the data byte through the TxFIFO. 











RES—Reset. RES is an active low, high impedance input that 


initializes all MPCC: functions. RES must be asserted for at 
least 500 ns to initialize the MPCC. 


DTR—Date Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the‘ Serial Interface Control Register (SICR) 


RTS—Request to Send. The RTS active low output is general 


CTS—Clear to Send. The CTS active low input positive transi- 
ition and level are reported in the CTST and CTSLVL bits.in the 
Serial Interface Status Register (SISR), respectively. 


INTERFACE 


TRANSMITTER 
INTERFACE 


RECEIVER 
‘INTERFACE 


INTERFACE 


Figure 2. MPCC Input and Output Signals 
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DSR—Data Set Ready. The DSA active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 


DCD—Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISA, respectively. 


TxD—Transmitted Data. The MPCC transmits serial data on 
the TxD output. The TxD output changes on the negative going 
edge of TxC. , 


RxD—Recelved Data. The MPCC receives serial data on the 
RxD input. The RxD input is shifted into the receiver with the 
negative going edge of RxC. 


TxC—Transmitter Clock. TxC can be programmed 'to be an input 
‘or an output. When TxC is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock Is generated by the MPCC’s internal baud 
rate. generator: The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD 
output. 


AxC—Recelver Clock. AxC provides the MPCC receiver with 
received data timing information. The clock transition from 
low-to-high nominally indicates the center of each serial ‘data 
bit on the RxD input. 


_ AO 

NOT USED 
RxD 

OTR 

‘DSR 

pcb 
RDSR 

Al 

GND 


woenNan aun + 
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EXTAL—Crystal/External Clock input. 


_ XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 
‘external crystal to the MPCC internal oscillator. The pin EXTAL 


may also be used as a TTL level input to supply a DC to 8 MHz 
reference timing from an.external clock source. XTAL must be 
tied to ground when applying an external clock to the EXTAL 
input. 


8CLK—Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need 
for additional crystals. 7 


' Vece—Power. 5V +5%, 


GNO—Ground. Ground (Vgs). 


MPCC REGISTERS 


Nineteen 8-bit registers define, control and monitor the data com- 
munications process. These registers and their access are listed 
in Table 1. , 


Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 
from a “null register.”’ A null register returns all ones for data 
and results in a normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 


NOT USED* 


“Must be connected to Voc. 
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Table 1. R65560 Accessible Registers 
a Addr Address Lines 
7 a a 0 
Receiver Status Register (RSA) 0 0 


Receiver Control Register (ACR) 
Receiver Data Register (RDA)! 













Receiver Interrupt Enable Register (RIER) . 


Transmitter Statue Register (T: SR) . | aw | oa 
Transmitter Controt Register (TCR) | Aw [loo 
Transmitter Data Register (TOR)2 7 , fo ow | A 





i Transmitter Interrupt Enable Register (TIER) .. : 


Serial Interface Status Register (SISR) 
Serial Interface Control Register (SICR) 


Baud Rate Divider Register 2 (BRDR2) RW 
Clock Control Register (CCR) RAW 


Notes: 7 
1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 
2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 
3. Reserved registers may contain random bit values. 
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Table 2. MPCC Register Bit Assignments 


‘ a aa meer 
Access fF o7 | 6 Value 

















TRANSMITTED DATA (TxFIFO) 


. CTS DCD 
ae ae ae ee ee ee ee 


Ie: STOP BIT SEL CHAR LEN SEL PROTOCOL Fh 





—Se2_]__ser_|__ciz___cls_|__fs2_|_psp_ 


2 


BOP ADDRESS/BSC & COP SYN 


a BAUD RATE DIVIDER (LSH) [one 
Za BAUD RATE DIVIDER (MSH) | 00 
oo 


Pee [oe Trew | 
CK1 
eal eS 
Fw [omen Joven] —o |» [enn [or 
Notes: 


**RESET = Register contents upon power up or RES. 






2 
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rm [vox |e | + [ere | mem [rom | am Pom | = 
he ree 
| on | RECEIVED DATA (RxFIFO) | -— | 
RDA EOF C/PERR | FRERR | ROVAN RA/B 
{E IE IE JE le /E 


per Teepe Te [eT Tom rom = 








TDRA TFC TUNAN | TFERA 
Pe TET STs Te le PEPE. | 


mew [ome] [© |» | ow | ver | we | o | 
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Receiver Status 
Register (RSR) 


Receiver Control 
Register (ACR) 


Receiver Data 
Register (RDR) 


Receiver Interrupt Enable 
Register. (RIER) 


Transmitter Status 
Register (TSR). 


Transmitter Control 
Register (TCR) 


Transmitter Data 
Register (TDR) 


Transmitter Interrupt Enable 
Register (TIER) 


Serial Interface Status 
Register (SISR) 


Serial Interface Contro! 
Register (SICR) 


Serial Interrupt Enable 
Register (SIER) 


Protocol Select 
Register 1 (PSR1) 


Protoco! Select 
Register 2 (PSR2) 
Address Register 1 (AR1) 


Address Register 2 (AR2) 


Baud Rate Divider 
Register 1 (BRDR1) 


Baud Rate Divider 
Register 2 (BRDR2) 


Clock Control 


Register (CCR) 


Error Control 
Register (ECR) 
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REGISTER DEFINITIONS 


RECEIVER REGISTERS: 
Receiver Status Register (RSA). 


Peet whoa 
[aba | €or [o [orenn | FRERR | RovAN [RA | R 


Reset value = $00 






The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RES. If an EOF, C/PERR, or FRERR is set in 
the RSR, the data reflecting the error (the first byte or word in 
the RxFIFO) must be read prior to resetting the corresponding 
status bit in the RSA. The IRQ output is asserted if any of the 
conditions reported by the status bits occur and the correspond- 
ing interrupt enable bit in the RIER is set. 


The RSR format is the same as the frame status format (see 
below) except as noted. 


RSR ; 
7 RDA —Receiver Data Available. (RSR only). 
¢) The RxFIFO is empty fi.e., no received data is 
available). 
1 Received data is: available. in the RxFIFO and can be 


read via the RDR. 


RSR 

6 EOF —End of Frame. 

0 No end of frame or block detected. 

1 End of frame or block detected (BOP and BSC). 
RSR 

5 —Not Used. 
RSR 

4 C/PERR _crevParity Error. 


0 — No CRC or parity error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 
(ASYNC, ISOC and COP). 


RSR 
3 FRERR —Frame Error. 
No frame error detected. 
: Short Frame or a closing FLAG detected off boundary 
(BOP), Frame error (ASYNC, ISOC) or receiver 


overrun. 
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RSR 
2 ROVRN -—Recelver Overrun. 

0 No receiver overrun detected. _ 

1 Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that is already in RxFIFO are not affected and may be 
read by the processor. 

RSR 
1 RA/B —Recelver Abort/Break. 

0 Normal Operation. 

1 ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 

RSR- 
0 RIDLE —Recelver idle. (ASR only). 
0 Receiver not idle. 
1 15 or more consecutive ‘‘t's’’ have been received and 


the receiver is in an inactive idle state. 


-Frame Status (ASR) 


be 6 ts eo 
ro [EOF [RHW | GrPeRA | FRERA | Rov [ANB | 0 | 


For the BSC and BOP protocols which have defined message 
blocks or frames, a ‘frame status” byte will be loaded into the 
RxFIFO following the Jast data byte of each block (see Figure 
3). The EOF status in the RSA is then set when the byte/word 
containing the frame status is the next byte/word to be read from 
the RxFIFO. 


In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 


The frame status. contains all the status contained within the RSR 
with the exception of RDA and RIDLE. 
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STATUS 
NEXT FRAME 





Figure 3. BSC/BOP Biock/Frame Status Location 


Receiver Control Register (RCR) 


2 a ee ee ee ee 





[0 JROSREN[DONEEN RSYNEN|STASYN|2ADCMP|RABEN ARES 


Reset value = $01 


The Receiver Control Register (RCR) selects receiver control 
options. ~ 





RCR 7 
Me —Not used. 
ACR 
6 RDSREN —Recelver Data Service Request Enable. 
0 Disable receiver DMA mode. 
1 Enable receiver DMA. mode. | 
RCA 
5 DONEEN —DONE Output Enable. 
0 Disable DONE output. 
1 Enable DONE output. (When the receiver is in the DMA 
nodes i.e., RDSREN = 1). 
RCR 
4 ASYNEN —RSYNEN Output Enable. Selects the 


DSR signa! input or the RSYN SYNC 
signal output on the DSR pin. 

0 Input DSR on DSR. 

1 Output RSYN on DSR. 


RCRA 
3. STRSYN —Strip SYN Character (COP only). 
0 Do not strip SYN character. 
1 Strip SYN character. 

RCR 
2 2ADCMP —One/Two Address Compare (BOP only). 
0 Compare one address byte with the contents of AR1. 
1 Compare two address bytes with the contents of AR1 

and AR2. 
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RCR 
1 RABTEN —Receiver Abort Enable (BOP only). 

0 Do not abort frame upon error detection. 

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). {f either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. 

ACR . 
© RRES —Recelver Reset Command. 
0 Enable normal receiver operation. 
1 Reset receiver. Resets the receiver section including 


the RxFIFO and the RSR (but not the RCR). RRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
requires clearing after RES. 


Receiver Data Register (RDR) 


eee eS ee ee ee 


MSB - Received Data (RxFIFO) LSB 


The receiver has an 8-byte First In First Out (FIFO) register file 
{AxFIFO) where received data are stored before being 
transferred to the bus. The received data is transferred out of 
the RxFIFO via the RDR. When the RxFIFO has a data byte 
ready to be transferred, the RDA status bit in the RSR is set to 1. 
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Receiver Interrupt Enable Register (RIER) 





Rar ee ee ae Es 

beaded iealbecal eal 
IE IE IE JE IE 

Reset value = $00 


The Receiver Interrupt Enable Register (RIER) contains Inter- 
rupt enable bits for the Receiver Status Register (ASR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported In the RSR. , 


RIER - 
7 jRDAIE =—Receiver Data Available Interrupt 
Enable. 
0 Disable RDA Interrupt. 
1 Enabie RDA Interrupt. 
RIER 
6 EOF IE —End of Frame Interrupt Enable. 
0 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 
RIER 
5 —Not used. 
RIER 


A -C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 Disabie C/PEAR Interrupt. 


1 Enable C/PERR Interrupt. 
RIER 
3. FRERR IE —Frame Error Interrupt Enable. 
0 Disable FREARR Interrupt. 
1 Enable FRERR interrupt. 
RIER 
2 ROVRN J€& —Recelver Overrun Interrupt Enable. 
0 Disable ROVAN interrupt. 
1 Enable ROVRN Interrupt. 
RIER 


1 RA/BIE —Recelver Abort/Break Ioterrupt Enable. 
0 Disable RA/B Interrupt. 
1 Enable RA/B Interrupt. 


RIER 
oO —Not used. 


TRANSMITTER REGISTERS. 
Transmitter Status Register (TSR) 


Fa 
Cora [wc [0 [0 [0 | TuNAN | TrERA | 


Reset value = $80 
















The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their respective positions, by writing 
a1 into the TCR TRES bit, or by RES. The IRQ output is asserted 
if any of the conditions reported by the status bits occur and 
the corresponding interrupt enable bit in the TIER is set. 


TSR 

eb TDRA —Transmitter Data Register Available. 

0 The TxFIFO is full. 

1 The TxFIFO is not full (j.e., available) and data to 
transmit can be loaded via the TDR. 

TSA 
6 TFC —Transmitted Frame Complete. (BOP, BSC 
and COP only). 

0 Frame not complete. 

1 Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 

TSR 
53. —Not used. 
TSR 


2 TUNAN -—Transmitter Underrun (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur-. 
ing a transmission: For BOP, the underrun 
condition Is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the TxFIFO. 


0 No transmitter underrun occurred. 
1 Transmitter underrun occurred. 
TSR ; 
1 TFERR —Transmit Frame Error (BOP only). 
0 No frame error has occurred. 
1 No control field was present (short frame). 


Transmitter Control Register (TCA) 


ee Ge 
Frew [Tosren [Tes [0 [Tuast | Tan | ast | TRS 


Reset value = $0t 


The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 


TCR 
7 TEN —Transmitter Enable. 
0 Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 
1 Enable transmitter. 
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TCR Transmit Data Register (TDR) 

& TDSREN —Transmitter Data Service Request 

Enable. 

> _picsbisnmaas cine ORAS: (a Re 

1 Enable transmitter DMA mode. _ SB Transmitted Data (TxFIFO) LSB 
TCR The transmitter has an 8-byte FIFO register file (T xFIFO). Data 
5 Tics —Transmitter Idle Character Select. Selects to be transmitted is transferred from the bus into the TxFIFO 


the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
Mark idle (TxD output is held high). 
1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 


TCR 
4 —Not Used. This bit is initialized to 0 by RES 
and must not be set to 1. 
TCA 
3 TLAST —Transmit Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character in a frame 
or block. ; 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a 0 when the associated 
word/byte is written to the TxFIFO. If the transmitter 
DMA mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 

TCR 
2 TSYN —Transmit SYN (BSC and COP only). 


Do not transmit SYN characters. 

; Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded. into the Transmitter Shift Register. 


TCR | 
1 = =TABT Transmit ABORT (BOP only). 
0 Enable normal transmitter operation. 
1 Causes an abort by sending eight consecutive 1's. A 


data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 


TCR 
0 TRES —Transmitter Reset Command. 
o Enable normat transmitter operation. — 
1 Reset transmitter. Clears the transmitter section 


including the TxFIFO and the TSR (but not the TCR). 
The TxD output is held in “Mark’’ condition. TRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and Is cleared by writing a 0 into this bit. TRES 
requires clearing after RES. 
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via the TDR. The TDRA status bit in the TSR is set to 1 when 
the TxFIFO is ready to accept another data byte. - 





Transmitter nore Enable Register on 





TUNRN = 
IE IE IE 


Reset value = $00 


The Transmitter Interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the {RQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 


TIER 
7 ‘TDRAIE —Transmitter Data Register (TDR) Avall- 
able Interrupt Enable. 


0 Disable TDRA interrupt. 


1 Enable TDRA Interrupt. 
TIER 
& TFCIE —Transmit Frame Complete (TFC) Interrupt 
Enable. 
0 Disable TFC Interrupt. 
1 Enable TFC Interrupt. 
TIER 
5-3 ~—Not used. 
TIER 
2  TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 
0 Disable TUNRN Interrupt. 
4 Enable TUNRN Interrupt. 
TIER 
14 TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 
0 Disable TFEAR Interrupt. 
T Enable TFERR Interrupt. 
TIER : 
0 —Not used. 
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SERIAL INTERFACE REGISTERS 


Serial Interface Status Register (SISA) 





Tere? [pant [ooo Perso [pam [eeu [oe fe 


Reset value = $00 


The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) are cleared by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The [RQ output is asserted 
if any of the conditions reported by the transition status-bits occur 
and the corresponding interrupt enable bit in the SIER is set. 


SISR 
7 CTST —Clear to Send Transition Status. 
+ cTs has transitioned positive (from active to inactive). 
(TRES must be a zero). 
0 CTS has not transitioned positive. 
SISR 
& ODSRAT _—Data Set Ready Transition Status. 
4 _DSR has transitioned negative (from inactive to.active). 
0 DSR has not transitioned negative. 
SISR 
5 DCDT £=—Data Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to inactive). 
0 DCD has not transitioned positive. 
SISR 
4 CTSLVL —Clear to Send Level. 
0 CTS input level is negated (high). 
1 CTS input level is asserted (low). 
SISR — 
3 ODSRLVL W—Data Set Ready Level. 
o DSR input level is negated (high). 
1 DSR input level is asserted (low). 
SISR 
2 DCDLVL —Data Carrier Detect Level. 
0 OCD input level is negated (high). 
a1 DCD input level is asserted (low). 
SISR 
—Not used. 
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Serial Interface Control Register (SICR) 


pe jeie laf eo 1 io 
rarsuw [ oracw | — | — | — | cond | Test | wre | 


Reset value = $00 
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The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 


SICR 

7 ATSLVL —Request to Send Level. 

0 Negate RTS output (high). 

1 Assert RTS output (low). 

NOTE 
in BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the ATS output- 
remains asserted until the end of the current frame 
or block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. lf 
the transmitter is idling when the ATSLVL bit is reset, 
the RTS output is negated within two bit times. 
SICR 

& ODTALVL —Data Terminal. ue Level. 

0 Negate DTF DTR output (high). 

1 Assert DTR output (low). 

SICR 

53. —Not used. These bits are initialized to 0 by 
RESET and. must not. be set to 1. 

SICR 

‘2 ‘ECHO .—Echo Mode Enable. 

0 Disable Echo mode (enable*normal operation). 

1 Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This made may be used 
for remote test purposes. 

SICR 
“1. «TEST —Self-test Enable. 
0 Disable self-test:(enable. riormal operation). 
1 Enable self-test. The transmitted data (TxD) and clock 
' (Tx) are routed back through to the receiver through 
RxD and -RxC, respectively (DCD and CTS are 
ignored). This ‘loopback’’ self-test may be used for 
all protocols. RxC is external regardless of the state 
of CCR bit 2, CCR bit 3 may be a O ora 1. 
SICR 
0 NRZr —NRZI Data Format Select. Selects the 

a transmit and receive data format to be NRZ 

or NRZI. : 

0 Select NRZ'data format. NAZ eoding—high - = tand 
iow = 0. 

1 Select NRZI data format. The serial data remains in 


the’same state to send a binary 1 and switches to the 
opposite state to send a binary 0. A 1 bit delay is added 
‘tothe TxD output to allow for encoding. 
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Serial Interrupt Enable Register (SIER) 





Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 
7  CTSIE  —Clear to Send (CTS) Interrupt Enable. 
0 Disable CTS Interrupt. 
1 Enable CTS Interrupt. 
SIER 
6 DSRIE -—Data Set Ready (DSR) Interrupt Enable. 
e) Disable DSA Interrupt. 
1 Enable DSR Interrupt. 
SIER 
5 DCDIE —Data Carrier Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. 
1 Enable DCD Interrupt: 
SIEA 7 
40 —Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protdcols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 


Protocol Select Register 1 (PSR1) 





Reset value = $00 


Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 


PSRi 
7-2 —Not used. 
PSR1 
1 = CTLEX = —Control Field Extend (BOP only). 
‘0 Select &-bit contro! field. 
1 Select 16-bit control field. 
PSR1 
OG ADDEX -—Address Extend (BOP only). 
0 Disable address extension. All eight bits of the 


address byte are utilized for addressing. 
1 Enable address extension. When bit Qin the address 
byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all O's (null address). 
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Protocol Select Register 2 (PSR2) 


eee] eal oe] aes 
P| see | sor] ove | cur | oe | pee | pat 


Reset value = $00 







Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


PSR2 
7 —Not Used. This bit is initialized to 0 by RES 
and must not be changed to 1. 
PSR2 


6-5 STOP BIT SEL —Number of Stop Bits Select. 
' Selects the number of stop bits 
transmitted at the end of the data 


bins in ASYNC and ISOC modes. 





6 5 * _No. of Stop Bits 
SB2 SB1 ASYNC ‘ISOC 
oO 1) 1 
0 1 1-1/2 2 
1 0 2 2 
PSR2 2 
4-3. CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 
4 3 
CL2 Cli Character Length 
0 0 5 bits’ 
0 1 6 bits 
1 0. 7 bits” 
1 1 8 bits’ 
PSR2 


2-0 PROTOCOL SEL—Protocol Select. Selects protocol 
and defines the protocol dependent 


control bits. 
2 “4 0 
PS3 PS2 PS1 Protocol 
0 Oo O BOP (Primary) _ 
0 0 1 BOP (Secondary) 
0 1 0 Reserved 
0 1 1 COP 
1 0 0 BSC EBCDIC 
1 0 1 BSC ASCII 
1 1 0 ASYNC 
1 1 1 ISOC 
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Address Register 1 (AR1). 










[7 8b abDRESSiesc @ cor PAD 


Reset value = $00 





Address sical 2 (AR2) 


[= sor nbonesemss acop srw | 


Reset value = $00 






The protocol selected in PSR2 {BOP, BSC and COP only) deter- 
-mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of the address 
registers are used for address matching. depending on the 
2 ADCMP selection i in the RCR. In BSC and COP, AR1 and AR2 
contain programmable leading PAD and programmable SYN 
characters, respectively. 


.”.. , Address Register (AR) Contents 
T* Protocol Selected © 
BOP (Primary) x 
-BOP (Secondary) © 


. Address 

| Address 
‘Leading PAD 

BSC ASCH Leading PAD SYN 

COP Leading PAD SYN 


xenawes [tT 


Baud Rate Divider Register 1 (BRDR1) 


iC 


Reset value = = $01 


' Address 


~ BSC EBCDIC SYN 





Baud Rate Divider Register 2 (BRDA2) 


BAUD RATE DIVIDER (MSH) 


Reset hile = $00 


The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit. rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 
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The Baud Rate Divider (BRD) vatue can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 


Crystal Frequency 


BRD. 2S ee 
{Prescaler Divider) (Baud Rate) (K) 
where: K = 1 for isochronous or synchronous 


2 for asynchronous 


— ore eee a 







= 2 — = = ; 


Reset value = $00 


The CCR selects various clock options. 


CCR. 
‘7-5 —Not used. 
CCR 
4 PSCDIV —Prescaler Divider. The Prescaler Divider 


network reduces the-external/oscillator fre- 
quency to a value for use by the internal 
Baud Rate Generator: 

0 Divide by 2. 
1 Divide by 3. 


CCR 3 
3 TCLKO -—Transmitter Clock Output Select. . 
0 Select TxC to be an input. 
1 Select TxC to be an output. 
CCR : 
2 RCLKIN —Recelver Clock Internal Select (ASYNC 
only). 
0. Select External RxC. 
1 Select Internal RxC. 
CCR a 
1-0 CLK DIV —External Receiver Clock Divider. Selects 


the divider of the external RxC to determine 
the receiver data rate. 


CK2 CK1 Divider 
Oo 0 1 (ISOC) 
0 1 16° 
1 0 32 
1 1 64 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) 


mt 7 os Baud Rate Divider 
Prescaler Divider isochronous and Synchronous 































Desired _ Hexadecimal Value i Hexadecimal Value i 
Baud Rate Decimal PSCDIV BRDR2 BRDR1 Decimal BRDR2 BRDA1 
‘(BH Rate) Value (0 to 1) (MSH) (LSH) : Value = |: 






69 
69 








-~e242 O2n/20003-0-0-02 


Error Control Register (ECR) ECR 


3 CFCRC .—Control Field CRC Enable. 
Pz {| 6 [sft is | 2 [ifo| 0 


Disable control field CRC. Enables an intermediate 
ODDPAR CRCCTL | CRCPRE | CRCSEL 
: | [ene [ore 
$04 






CRC remainder to be appended after the address/con- 
trol field. in transmitted BOP frames and checked in 
feceived frames. The CRC generator is reset after con- 






Reset value = trol field CRC calculation. 
The Error Control Register (ECR) selects the error detection ECR 7 
method used by the MPCC. 2 CRCPRE —CAC Generator Preset Select. 
0" Preset CRC Generator to 0. _ ae 
ECR - | . a! 1 Preset CRC Generator to 1 and transmit the 1’s com- 
‘7 PAREN —Parity Enable. (ASYNC, ISOC and COP plement-of the resulting remainder. 
only). ee 4 , 
0 .Disable parity generation/checking. ECR om: 
1 Enable parity. generation/checking. 1-0 CRCSEL -—CRC Polynomial Select. Selects one of the 
=e ee RC polynominals. 
ECAR 


6 OODPAR —Odd/Even Parity Select (Effective. only 


when PAREN = 1). Polynominal 


1 0 
CR2 CRI . 
0 Generate/check even parity. 0 0 set saa dae (CCITT V.41) 
1 Generate/check odd parity. 0 1 xi8+x15+x?+ 1 (CRC-16) 
1 O x8+1. (VRC/LRC)* 
1 1 N - 
ois ot used Sa: _ 7 
5-4 —Not used. VRC: Odd-parity check.is performed on each 


character including the LARC character. 
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INPUT/OUTPUT FUNCTIONS 
MPU INTERFACE 


Transfer of data between the MPCC and the system bus involves _ 


the following signals: Address lines AO through A4, Data Bus Lines 


DO through D7, and control signals consisting of R/W, CS, and- 


$2. Figures 10 and 11 show typical interface connections. 


Read/Write Operation 


The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 


registers arid other operations. When CS is asserted, the data: 


VO buffer acts as ari-output driver-during a read operation and 
as an input buffer during. a write operation. 


When. the MPCC is selected (CS low) during @ read (R/W high), 


eight bits of register data are placed on data bus lines DO - D7 
when @2 is asserted. When the MPCC is selected (cs low) for 
a write (R/W low), 92 strobes data from the DO— D7 data lines 
into the selected register. Figures 12 and 13 show the read and 
write timing relationships. 


DMA INTERFACE 


The MPCC is capable of providing DMA data transfers ‘up to 
2 Mbytes per second when used with the MC68440 DMAC in the 
single address mode. Based on 4 Mb/s serial data rate and'6 


bits/character, the maximum DMA required transfer rate is B00 — 


Kbytes per second. : 


The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of ‘which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
MPCC and the DMAC is accomplished by a_ two-signal 
request/acknowledge handshake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to cémbine the two DMA 
‘acknowledge signals. The MPCC uses the R/AW input_to 
distinguish between the Transmitter Data Service Request (1 TDSR SR 

‘ acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 


Receiver OMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
RCA is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSA) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as. the current RDSA cycle 
is completed (i.e., a full sequence of DACK, 02, and DTS). 











In response to RDSR assertion, the DMAC sets the R/W line to 
write and asserts the memory address, DMA transfer strobe 
(DTS), and OMA acknowledge (DACK). The MPCC outputs data 
from the RxFIFO to the data bus during ¢2. The memory latches 
the data to complete the data transfer. Figure 13 shows the timing 
relationships for the receiver DMA mode. 
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- RDSR is inhibited when either RDSREN is Nis reset to 0 or RRES 


is set to 1 (both in the RCR), or when RES is asserted. 


Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is available, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transfer. The next 
TDSR cycle may be initiated as soon as the current TOSR cycle 
is completed. 











In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read and asserts the memory address, 
DMA transfer strobe (DTS) and DMA acknowledge (DACK). The 
The. memory places data on the data bus and the MPCC loads 
the data into the TxFIFO to complete the data transfer. A timing 
diagram for. the transmitter DMA mode is shown in Figure 15. 








TDSR is inhibited when either TDSREN is reset to 0 or TRES 
is set to 1 (both in the TCR), or when RES is asserted. 


DONE Signal 


When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC.asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has. been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 





INTERRUPTS 


There are three possible sources of an interrupt request (IRQ): 
the receiver section (as reported in the ASR), the transmitter 
section (as reported in the TSR), and the serial interface (as 
reported in the SISR). When an interrupt generating status occurs 
and the interrupt is’ enabled by a corresponding bit in the 
associated interrupt eriable register, IRQ is asserted. The inter-! 
rupt processing software must examine all status registers that 
have interrupt status bits enabled to determine the cause of the 
interrupt and perform the required processing to cléar the inter- 
rupt. [RQ will remain asserted until all interrupt causing condi- 
tions reported in status registers have been cleared.: 


SERIAL INTERFACE 


The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 





R65560 


Multi-Protocol Communications Controller (MPCC) 





RTS (Request to Send) Output 


The ATS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter sec- 
tion. When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the ATSLVL bit is raset to 0, the ATS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or frame), complete with CRC code if any, has been 
transmitted. RTS also is negated when n the RTSLVL bit is reset 
during transmitter idle, or when the RES input is asserted. 


CTS (Clear to Send) Input 


The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS 
input while the CTSLVL bit in the SISR reflects the current level. 
A positive transition on the CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 





DCD (Data Carrier Detect) Input 


The DCD input signal is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The DCDT bit in the SISR reports the transition 





status of the DCD input while the DCDLVL bit'in the SISR con-. 


tains the current lavel. A positive transition .on the DCD pin 
asserts the IRQ output if the DCD IE bit in the SIER is set. 
A negated DCD input disables the start of the receiver. 


DSR (Data Set Ready) Input/RSYN Output 


The DSR input from the DCE indicates the status of the local data 
set. The DSRT bit in the SISR contains the transition status of the 
DSR input while the DSRLVL bit in the SISR reports the current 
level. A negative transition on the DSR pin asserts ie IRQ out: 
put if the DSR IE bit in the SIER is set. 





When the RSYN bit in the RCR is set to 1, the frame synchroniza- 
tion signal (RSYN) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN. in BSC 
or COP, or an address match in.BOP. 


DTR (Data Terminal Ready) Output 


The DTR output is general purpose in nature.and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTALVL bit in the SICR. 


TxC (Transmitter Clock) Input/Output’ 


The transmitter clock (TxC) may be programmed to be input or 


an output. When the TCLKO control bit in the CCR is set toa 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an-input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO. = 0 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 
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TxD (Transmitted Data) Output 


The serial data transmitted from the MPCC is coded in NRZ or 
NAZI (zero complement) data format as selected by the NAZI 


control bit in the SICR. 


RxC (Receiver Clock) Input 
The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 
The serial data received by the MPCC can be coded in NRZ 


‘or NRZI data format. The MPCC will decode the received data 


in accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing | 


The timing for the serial interface clock and data fines? is shown 
in Figure 16. The MPCC supports high speed synchronous 
operation. As shown, the TxD output changes with the negative- 
going edge of TxC and the received data on RxD is latched on 
the negative edge of AxC. This assures high speed two-way 
operation between two MPCCs connected as shown in 
Figure 18. 


For tow speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 18. 
RS-232 and AS-423.(covering serial data interface up to 100K 
baud) require that data be centered +26% about the negative- 
going edge of the RxC. This criteria is met for frequencies up 
to 1.25 MHz using the inverter. Use of the inverter also allows 
MPCC to MPCC operation up to 2.17 MHz. 


SERIAL COMMUNICATION MODES 
AND PROTOCOLS 


ASYNCHRONOUS AND ISOCHRONOUS MODES 


Asynchronous.and isochronous data are transferred in frames. 


Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 1¥2, or 2 stop bits: The data character 
is transmitted with the least significant bit (LSB) first. The data 
line is normally held high, (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 


Asynchronous Receive 


In the asynchronous (ASYNC) mode, data received on RxD 
occurs in three phases: (1) deteotion of the start bit and bit 
synchronization, (2) character assembly and optional parity 
check, and (3) stop bit detection. The receiver bit stréam may 
be synchronized by ‘the internal baud rate generator clock or 
by an external clock on AXC. When RCLKIN in the CCR is set 
to 0, an external clock with a frequency of 16, 32, or 64 times 
the data rate establishes the data bit midpoint and maintains 
bit synchronization. The character-assembly process does not 
Start if the start bit is less than one-half bit time. Framing and 
parity errors are detected and buffered along with the character 
on which errors occurred. They are passed on to the AxFIFO 
and set appropriate status bits in the. RSR when the character 
with an error reaches the last AxFIFO register where it is ready . 
to be transferred onto the data bus via the RDA: 
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ASYNCHRONOUS FRAME FORMAT 


| START LBS 








ISOCHRONOUS FRAME FORMAT 


CLK 








DATA | | |. 


START r “LBS 7 





SEEtn Etutemtents < coetentansientenr a es a 
DATA | | | | i 1 | 
ee a, eee ee ree 


—T- i 
: oa 
PARITY 
(OPT) 


STOP 
(1, 1%, OF 2 BITS) 








| MSB 


oo a ee as 





eae me i: Seg ae 
-.| MSB PARITY | stop , 
(OPT) 1 OR 2 BITS 








Figure 4. Asynchronous and Isochronous Frame Format 


Isochronous Recelve 

In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detectlon of a valid start bit, or the beginning of a break, is 
satisfied by the detection of a high-to-low transition on the serial 
data input line. Error detection and status indication are the same 
as the asynchronous mode. 


Asynchronous and Isochronous Transmit 


In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed 
by the data character which js transmitted LSB first. If parity 
generation is enabled, the parity bit is transmitted after the MSB 
of the character. 


SYNCHRONOUS MODES 


In synchronous modes; a one-times clock is provided along with 
the data. Seria! output data is shifted out and input data is latched 
_on the falling edge of the clock. - 
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BIT ORIENTED PROTOCOLS (BOP) 


‘In bit oriented protocols (BOP), messages (data) are transmitted 


and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a clos- 
ing flag. A frame may also contain an information field. (See 
Figure 5). 


The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which Is receiving or responding to a 
command. The address field may be one or more bytes long. 


The address field can be extended by setting the ADDEX bit 


to a 1 in PSR1. In this case, the address field will be extended 
until the occurrence of an address byte with a 1 in bit 0. Up to 
two bytes of theaddress field may be automatically checked 
when the MPCC is programmed to be a secondary station in 
BOP.: An automatic. check for global (11111111) or null 
(00000000) address is also made. The control field of one or two 
bytes is transparent to the MPCC and sent directly to the host 
without interpretation. 
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The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is. used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X16 + 
X12 + X5 + 1 (CRC-CCITT) should be used, i.e., selected in 
the CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to afl 1s, and the 
1s complement of the resulting remainder Is transmitted. (See 
X.25 Recommendation.) 


Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data 
Stream. These inserted zeros are removed by the receiver to 
restore the data to its original form. The inserted zeros are not 
included in the CAC calculation. 


The end of the frame is determined by the detection of the 
closing Flag special character which is the same is the opening 
Flag. 


With the control options offered by the MPCC, commony used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 


BOP Receiver Operation 


In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additionat Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing 
flag for one frame serves as the opening flag for the next frame) 
and the shared zero (the ending 0 of a closing flag serves as 
the beginning 0 of an opening flag forming the pattern 
"011111101111110.” : 


Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes all the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked 


FLAG. ADDRESS 


CONTROL 
01111110 1ORN 10R 
. BYTES 2 BYTES 






at the close of a frame and the C/PERR bit in the ASR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 


If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the 
remaining frame is discarded and the FA/B bit is set in the RSR. 
When a link idle (15 or more consecutive 1s) is detected, the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted from the data stream before characters are assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. if there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 


For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended control 
field bit. 


If the CFCRC bit in the ECR is set to 1, an intermediate CAC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 


In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = 0 in the TCR). When the 
transmitter is enabled (TEN = 1 in the TCR), the leading FLAG 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the TUNRN bit in the TSR is set to 
a t and an ABORT (11111111) is transmitted followed by con- 
tinuous FLAGSs or marks until a new sequence is initiated. 


The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal! the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. {f the transmitter DMA mode is selected (the TDSREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 





INFORMATION FCs : FLAG 
N BYTES 2 BYTES 01111110 
(OPTIONAL) 


Figure 5. Bit Orlented Protocol (BOP) Frame Format 


iBM SDLS FRAME FORMAT 


CONTROL 


FLAG ADDRESS 


INFORMATION FLAG 
N BYTES 01141110 





01111110 1 BYTE 1 BYTE 


ADCCP/HDLC FRAME FORMAT 


FLAG ADDRESS CONTROL 


01111110 N BYTES 10OR 


INFORMATION 
N BYTES 





2 BYTES 


Figure 6. Implemented Bit Oriented Protocols 
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A message may be terminated at any time by setting the TABT 
bit inthe TCR to 1. This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. © 


The serial data from the Transmitter Shift Register is continu- 
ously monitored for five consecutive 1s, and a 0 is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort characters). — 


CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) 


The structure of messages utilizing the [BM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 


codes. The CRC-16 polynomial should be selected by setting 


the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 


. Table 4. BSC Data-Link Control Characters 


EOB (ETB) 
ETX 
ENQ 
DLE . 
ITB 
EOT 
ACK 0 
ACK 1 
NAK 
WACK 
RVI. 


Note: “Programmable a u 


LEADING PAD 


1 BYTE 





A heading is a block of data starting with an SOH and contain- 
ing one or more characters that are used for message control 
(e.g., message identification, routing, and priority). The SOH 
initiates the block-check-character (BCC) accumulation, but is 
not included in the accumulation. The heading is terminated by 
STX when it is part of a block containing both heading and text. 
A block containing only a heading is terminated with an ITB or 
an ETB followed by the BCC. Only the first SOH or STX ina 
transmission block following a line turnaround.causes the BCC 
to reset. All succeeding STX or SOH characters are included 
in the BCC. This permits the-entire transmission (excluding the 
first SOH or STX) to be block-checked. 


The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block indicates a normal end of 
transmission. Message blocking without line turnaround can be 
accomplished by using ITB (see the Additional Data Link 
Capabilities section, IBM GA 27-3004-2). 


Two modes of data transfers are used in BSC. In non-transparent 
mode, data link control characters may not appear as text data. 
in transparent mode, each.control character is preceded by a 
data link escape (DLE) character to differentiate it from the text 
data. Table 5 indicates which contro! characters are excluded 
in the CRC generation. All characters not shown in the table are 
included in the CRC generation. Figure 8 shows various formats 
for Control/Response Blocks and Heading and Text Blocks. 


Table 5. BSC Control Sequences — Inclusion 
in CRC Accumulation 


. | Included in CRC Accumulation 
Character of Sequence 





Yes. 


















TSYN DLESYN 
TSOH DLESOH 
TSTX* DLESTX 
TETB ETB DLE. 
TETX ETX DLE 
TOLE (DLE)DLE DLE(DLE) 






*(if not preceded within the same block by transparent heading 
information. . . 





TRAILING 
PAD — 
44991111 





(AR1) 


Figure 7. BSC Block Format 
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BSC Receiver Operation 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that 
VACI/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the AxFIFO. The RDA 
status bit in the ASR is set to 1 each time data is transferred 
to the RxFIFO. The SYN character in non-transparent mode and 
DLE-SYN pairs in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 


STX. SYN characters in non-transparent mode or DLE-SYN pairs’ 


in transparent mode are excluded from the BCC accurhulation. 
The first DLE of a DLE-DLE sequence is not included.in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an (TB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If a CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
If:no error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC. accumulation and character 
assembly starts again on the first character following the BCC. 


BSC Transmitter Operation 


BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An in- 
itial SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available, 


LEADING PAD 


5-6 BITS 


The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD Is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CAC accumulation. If an underrun occurs, DLE-SYN charac: 
ters will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode. BCC generation is 


not used for messages beginning with characters other than 


SOH, STX, DLE-SOH, or DLE-STX. On all message types, if the 
TSYN bit is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the TxFIFO. 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character syn- 
chronization. These SYN characters are discarded after detec- 
tion. The PAD and SYN characters may be 5-8 bits long and 
are user programmable as stored in AR1 and AR2, respectively. 


If parity checking is enabled the characters assembied after 
character sync are checked for parity errors. If STRSYN is set 
in the RCRA, all SYN characters detected within the message 
will be discarded and will not be passed on to the AxFIFO. If 
STRSYN is reset, SYNs detected within the message will be 
treated as data. 


MESSAGE 
5-8 BIT CHARACTERS 





(AR1) 


Figure 9. Character Orlented Protocol Format 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 12. MPCC Read Cycle Timing 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 








Figure 13. MPCC Write Cycle Timing 
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INTERNAL 
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RATE) 





RDSR 


ASSERT FOR — 
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LATCHED 





(19) 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
' VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode). 
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INTERNAL 
TRANSMITTER 


TOSR 
ASSERT FOR 
1 CLOCK CYCLE 
EXTERNALLY 
LATCHED 
TOSR 





TTT] AANA 


NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 





Figure 15. Memory to MPCC DMA Transter Cycle Timing (Transmitter DMA Mode). 
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HIGH SPEED APPLICATION 


$9) 


TxC/AxC 
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APA io, AY a a a at a Wa 3 
TxD/AxD ORSKRY DATA és SKIL DATA RRR RK KR RK RRR KOS DATA 
A verereteterereretererereie, Mam :) SCE CS 


LOW SPEED APPLICATION (RS-232 COMPATIBLE) 


RxC (TxC) 





Figure 16. Serial Interface Timing 


NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 





Figure t7. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 
(Voc = 5.0 Vde +5%, Vgg = 0 Vde, Ta = 0°C to 70°C) 





Parameter 
. RIW High to 92 High 
_ Address Validto CS Low 
CS Low to $2 High 
$2 High to Data Valid 
$2 Low to Data Invalid 
$2 Low to R/W Low 
$2 Low to Address Invalid 
RW Low to #2 High 
Data Valid to $2 Low tovet 
$2 Low to Data Invalid 
$2 Low to R/W High 
DACK Low to $2 High 
$2 Low to DACK High 
17 DTS Low to #2 Low 
DACK Low to Data Valid, DONE Low 
$2 Low to Data Invalid 
DACK, DONE Low to #2 High 
Data Valid to #2 Low 
92 Low to Data Invalid 
92 Low to DACK, DONE High 
RxC and TxC Period 
TxC Low to TxD Delay trourp | 


AxC Low to RxD Transition (Hold) tacLap a ee eee 


Tavs. 


toHpv 








tacoxr 





tetAL 
taal 


teLoxw 


teLRH 


rn 


—_ | 
a;—~ ~ 


tsLar 





tacpv 


— 


teLoxpA 
tate 


N 
—_ 


tova 


toroxow 


tao a 





reo 
i) 

no 
@ 


a 





RxD Transition to RxC Low (Setup) 


MODEM/DCE 


Rx TIMING (DD) 
Rx DATA (BB) 


| Tx TIMING (DA) 


Tx DATA (BA) 


HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 





Figure 18. Serial interface 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 


| [Syme [vate [a 
[ Bins veteos | Ven | 087 | V_ 


Storage Temperature | Tsre | —55 to +150 





THERMAL CHARACTERISTICS 


eee ae 


Thermal Resistance 
Ceramic 
Plastic 







OPERATING CONDITIONS 


| 
Voc Power Supply : 5.0V £5% 
Operating Temperature "°C to 70°C’ 






DC CHARACTERISTICS 


Multi-Protocol Communications Controller (MPCC) 


“NOTE: Stresses above those.listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these-or any other conditions above those indicated in other 
sections. of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


(Vcc =.5.0 Vde +5%, Vg = 0 Vdc, Ta = 0°C to 70°C unless otherwise noted) 


Parameter 


Input High Voltage 
All Inputs 





Input Low Voltage 
All Inputs 


Three-State (Off State) Input Current 
IRQ, DO-D7 


Output High Voltage eo 
RDSR, TDSR, IRQ, DO-D7, DSR, DTR, ATS, 
TxD, TxG 


Output Low Voltage _ 
RDSR, TOSR, JRQ, DO-D7, DSR, DTA, ATS, 
TxD, TxC, BCLK 


Internal Power Dissipation 


Input Capacitance 


oe ee 


Yo Z pie ey 


0.4 to 2.4V 





hoap = 0 
CLoap = 30 pF 


te luoaD = 3.2mA 





Veo = 4.75V 
lLoaD = 6.8mA 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 
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DESCRIPTION | 


The 8-bit R65COQ0 microprocessor family of devices are pro- 
duced using CMOS silicon gate technology which provides 
advanced system architecture for performance speed and system 
cost-effectiveness enhancements over their NMOS counter- 
parts, the R6500 family of microprocessor devices. 


Three CPU devices are available. All are software-compatible 
and provide 64K bytes of addressable memory, interrupt input, 
and on-chip clock oscillators and drivers options. All are bus- 
compatible with fhe NMOS R6500 family devices. 


The CMOS family includes two microprocessors (A65C02 and 
‘R65C102) with on-board clock oscillators and drivers and one 
microprocessor (R65C112) driven by external clocks. The on- 
chip clock versions are aimed at high performance, low-cost 
applications where single phase inputs, crystal or RC inputs 
provide the time base. The slave processor version is geared 
for multiprocessor system applications where maximum timing 
control is mandatory. All R65C00 microprocessors are available 
in ceramic and plastic packaging, operating frequency of 1 MHz, 
2 MHz, 3 MHz and 4 MHz, and commercial and industrial 
temperature versions. All three devices are housed in 40-pin 
packages. 


ENHANCEMENTS OVER R6502 


The CMOS family of microprocessor devices has been designed 
with many enhancements over the R6502 NMOS device while 
maintaining software compatibility. Besides the increased speed 
and lower power consumption inherent in CMOS technology, 
the R65C00 family has added the following characteristics. 


12 new instructions for a total of 68 

59 new op codes, for a total of 210 

Two new addressing modes 

Seven software/operationa) enhancements 
Two hardware enhancements 


R65C02e R65C102e R65C112 


R65C02, R65C102, AND R65C112 
R65C00 MICROPROCESSORS (CPU) 





FEATURES 


e CMOS silicon gate technology 

Low Power (4mA/MHz) 

Software compatible with R6502 

Single 5V +5% power supply requirements 
Eight bit parallel processing 

Decimal and binary arithmetic 

True indexing capability 

Programmable stack pointer 

Interrupt capability 

Non-maskable interrupt 

Eight-bit bidirectional data bus 

Addressable memory range of up to 64K bytes 
“Ready” input ” 

Direct memory access (DMA) capability 
Memory lock output 

1 MHz, 2 MHz, 3 MHz, and 4 MHz versions 
Choice of external or on-chip clocks 
On-chip clock options 

—External single clock input 

—Direct crystal input (+ 4) 

Commercial and industrial temperature versions 
Pipeline architecture 

e Slave processor version (R65C112) 


ORDERING INFORMATION 


Part Number: 


R65C02 _ _ _ 
R65C102 _ _ _ 


R65C112 
es Temp. Range (T, to Tj) 


Blank = 0°C to +70°C 
= —40°C to +85°C 





Frequency Range 
1 = 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
4=4MHz 


Package 
C = Ceramic 
P = Plastic 





Document No. 29651N52 
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R65C02, R65C102, and R65C112 -R65C00 Microprocessors (CPU) 
FUNCTIONAL DESCRIPTION 





With the exception of a crystal oscillator, clock signals, Memory internal architecture for all three devices. This block diagram 
Latch (ML), and Bus Enable (BE) signals, the internal architec- supports the following text that describes the function of.each 
ture of the three members of the R65C00 CPU of devices is Iden- of the device’s major elements. 


tical. Figure 1 shows the block diagram of the RE5C00 CPU 


<@——_ REGISTER SECTION CONTROL SECTION ———}» 
RES IRQ NMI 


INDEX 
a) INTERRUPT 
hoor a LOGIC 
INDEX 
REGISTER ied 


STACK 
<j pont 


ALU 


INTERNAL ADL 


INSTRUCTION 
DECODE 
CRYSTAL 

OSCILLATOR 


ey 


ADDRESS 
BUS 


ACCUMULATOR [2] TIMING 
oooh i) CONTROL 


CLOCK (4 
GENERATOR G0 IN, 92 IN(4 


$4 OUT®) 
62 OUT) 
61 out” 


Te] 
DATA BUS il INSTRUCTION ay 


| BUFFER | REGISTER BE“ 


S 
<q 
a 
z 
th 
= 
= 


(LEGEND: 
NOTES: 
(1) R65CO2 ONLY 
(2) R65C02, R6SC102 ONLY : 
(3) R65C102 ONLY t SINGLE LINE 
(4) R65C112 ONLY 
(5) R65C102, R65C112 ONLY 


fi 8 BIT LINE 





Figure 1. R65C00 Internal Architecture 
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CRYSTAL OSCILLATOR (R65C102 Only) 


The crystal oscillator, driven by a crystal across XTLO and XTAI, 
divides the crystal frequency by four to provide the basic $2 
clock signal that drives the internal clock generator. 


CLOCK GENERATOR 


The clock generator develops all internal clock signals, and 
(where applicable) external clock signals, associated with the 


device. It is the clock generator that drives the timing control 


unit and the external timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch 
is executed and is advanced.at the beginning of each phase 
one clock pulse for as many cycles as is required to complete 
the instruction. Each data transfer which takes place between 
the registers depends upon decoding the contents of both the 
instruction register and the timing control unit. - 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 


Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 
8 bits. The counter is incremented each time an instruction or 
data is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instruction reg- 
ister, then decoded, along with timing and interrupt signals, to 
generate control signals for the various registers. 


ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the 
program counter). The ALU has no internal memory and is used 
only to perform logical and transient nurnerical operations. 


ACCUMULATOR 


The actumulator is a general purpose 86-bit register that stores 
the results of most arithmetic and logic operations, and ‘in 
addition, the accumulator usually contains one of the two data 
words used in these operations. 


INDEX REGISTERS 


There are two 8-bit index registers (X and Y), which may be 
used to count program steps or to provide an index value to be 
used in generating an effective address. 


When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base address, 


2-204 


R65C00 Microprocessors (CPU) 


and modifies the address by adding the index register to it prior 
to performing the desired operation. Pre- or post-indexing. of 
indirect addresses is possible (see addressing modes). 


STACK POINTER 


The stack pointer is an’ 8-bit register used to control the 
addressing of the variable-length stack on page one. The stack 
pointer is automatically incremented and decremented under 
control of the microprocessor to perform stack manipulations 
under direction of either the program or interrupts (NMI and 
TAQ). The stack allows simple implementation of nested sub- 
routines and multiple level interrupts. The stack pointer should 
be initialized before any interrupts or stack operations occur. 


PROCESSOR STATUS REGISTER 


The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. The R65C00 
instruction set contains a number of conditional branch instruc- 
tions which are designed to allow testing of these flags. 


HARDWARE ENHANCEMENTS 


The R65C00 family of CPU devices have incorporated hardware 
enhancements over their NMOS counterpart, the R6502. These 


~- hardware enhancements are: 


e The NMOS device would ignore the assertion of a Ready 
(RDY) during a write operation. Thé CMOS family will stop 
the processor during 92 clock if RDY-is asserted during a 
write operation. 

On the NMOS device, unused input-only “pins (IRQ, NMI, 
RDY, RES, and SO) must be connected to a low imped- 
ance signal ta avoid noise problems. These unused pins on 
the CMOS devices are internally connected by a high imped- 
ance to Vcc (approximately 250K ohms). 


MAJOR FEATURES AND DIFFERENCES 


The functional aspects of and differences between the micro- 
‘processor configurations are shown in Table 1. 


Family Comparison Chart 







Table 1. 






Feature 


R65C102 



















Pin compatible with NMOS R6502 ~ 
64K addressable bytes of memory 
IRQ interrupt 

On-chip clock oscillator 

External clock only 

TTL level single phase clock Input 

AC time base clock input 

Crystal time base clock input 

Single phase clock input 

Two phase output clock 

SYNC and RDY signats 

Bus Enable (BE) signal 

Memory Lock (ML) output signal 
Direct Memory Access (DMA) capacity 
NMI interrupt signal 





R65C02, .R65C102, and R65C112 
PIN ASSIGNMENTS 


Figure 2 shows the pin assignments for the three members of 
the R65C00 CPU family. All three devices are housed in 40-pin, 
dual-in-line, ceramic or plastic packages. 


R65C102 


1 
2 
3 
4 
5 
6 
7 
8 


Note: N.C. means no connection (not used) 
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/R65C112 


Figure 2. Pin Assignments 


SIGNAL DESCRIPTIONS 


Reference the timing diagrams for the particular device in the 
following discussion. , 


CLOCK SIGNALS (R65C02) 


The R65C02 requires an external (0 clock. 90 is a TTL level 
input that is used to generate the internal clocks of the R65C02. 
Two full level output clocks are generated by the R65C02. The 
@2 clock is in phase with 90. The @1 clock output is 180° out of 
phase with @0. When the input clock is stopped, the CPU is in 
the standby mode. 


For non-critical timing configurations, a simple RC or crystal 
network may be strapped between @0 (IN) and @1 (OUT). 


CLOCK SIGNALS (R65C102) 


The AG5C102 internal clocks may be generated by a TTL level 
single phase input, an RC time base input, or a crystal time base 
input (+ 4) using the XTLO and XTLI input pins. Two full leve! 
output clocks are generated by the R65C102. The $2 clock 
output provides timing for external R/W operations. Addresses 
are valid after the address setup time (taps) referenced to the 
falling edge of $2 (OUT). The $4 output is a quadrature output 
clock that is delayed from the falling edge of the $2 clock by 
delay time tays. Using the $4 clock, addresses are valid at the 
tising edge of #4. 
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CLOCK SIGNALS (R65C112) 


All internal clock signals for the R65C112 are generated by the 
input clock signal 92 (IN). Since this device is intended to be 
operated in the slave mode it does not have internal clock gen- 


eration, but rather requires the external clock @2 (IN) from a host 


device. 


ADDRESS BUS (A0-A15) 


AO-A15 forms a 16-bit address bus for memory and VO 
exchanges on the data bus. The output of each address line is 
TTL compatible, capable of driving one standard TTL load and 
130pF. 


DATA BUS (D0-D7) 


The data lines (D0-D7) constitute an 8-bit bidirectional data bus 
used for data exchanges to and from the device and peripherals. 
The outputs are tri-state buffers capable of driving one TTL load 
and 130pF. 


BUS ENABLE (BE) 


This signal allows external control of the data and the address 
output buffers and R/W. For normal operation, BE 
is high causing. the address buffers and R/W to be active 
and the data buffers to be active during a write cycle. For exter- 
nal control, BE is held low to disable the buffers. BE is an asyn- 
chronous signal and therefore not related to, or controlled by 
the CPU internal clock signals. . 
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INTERRUPT REQUEST (IRQ) 


This TTL compatible input requests that lat an interrupt sequence 
begin within the microprocessor. The IRQ is sampled during $2 
operation; if the interrupt flag in the processor status register is 
zero, the current instruction is completed and the interrupt 
sequence begins during $1. The program counter and processor 
Status register are stored in the stack. The microprocessor will 
then set the interrupt mask flag high so that no further !RQs may 
occur. At the end of this cycle, the program counter low byte will 


be loaded from address FFFE, and program counter high byte’ 
-from location FFFF, thus transferring program control to the 
memory vector located at these addresses. The RDY signal 


must be in the high state for any interrupt to be recognized. A 
3K ohm external resistor should be used for proper wire OR 
operation. . 


MEMORY LOCK (ML) 


In a multiprocessor system, the ML output indicates the need 
to defer the rearbitration of the next bus cycle to ensure the 


integrity of read-modify-write instructions. ML goes low during 


ASL, DEC, INC, ‘LSR, ROL, ROR, TRB, TSB memory refer- 
‘encing instructions. This signal is low for the modify and write 
cycles. 


NON-MASKABLE INTERRUPT (NMI) 


A negative-going edge on this.input requests that a non-mask- 
able interrupt_sequence be generated within the micropro- 
cessor. The NMI is sampled during 92; the current instruction 
is completed and the interrupt sequence begins during @1. The 
program counter is loaded with the interrupt vector from loca- 
tions FFFA (low byte) and FFFB (high byte), thereby transferring 
program control to the non-maskable interrupt routine. 


NOTE 


Since this interrupt is non-maskable, another NMI can 
occur before the first is finished. Care should be taken 
when using NMI to avoid this. 


READY (RADY) 


This input allows the user to single-cycle the microprocessor on 
all cycles including write cycles. A negative transition to the low 
state, during or coincident with 1, will halt.the microprocessor 
with the output address lines reflecting the current address 
being fetched. This condition will remain through a subsequent 
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$2 in which the ready signal is low. This feature allows micro- 
processor. interfacing with low-speed memory as well as direct 
memory access (DMA). 


READ/WRITE (R/W) 


This signal is normally in the high state indicating that the 
microprocessor is reading data from memory or I/O bus. In the 
low state the data bus has valid data from the microprocessor 
to be stored at the addressed memory location. 


SET OVERFLOW (SO) 


A negative transition on this line sets the overflow bit (V) in the 
processor status register. The signal is sampled prior to the 
leading edge of 92 by the processor control time (taws). 


RESET (RES) 


This input resets the microprocessor. Reset must be heid low 
for at least two clock cycles after Vec reaches operating voltage 
from a power down. A positive transistion on this pin will then 
cause an initialization sequence to begin. Likewise, after the 
system has been operating, a low on this llne of at least two 
cycles will cease microprocessing activity, followed by initiali- 
zation after the positive edge on RES. 


When a positive edge is detected, there is an initialization 
sequence iasting six clock cycles. Then the interrupt mask flag 
is set, the decimal mode is cleared, and the program counter 
is loaded with the restart vector from locations FFFC (low byte) 
and FFFD (high byte). This is the start location for program con- 
trol. This input should be high in normal operation. 


SYNCHRONIZE (SYNC) 


This output line identifies those cycles during which the micro- 
processor is fetching the instruction operation code (OP CODE). 
The SYNC line goes high during 1 of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line is 
pulled low during the @1 clock pulse in which SYNC went high, 
the processor will stop in its current state and will remain in the 
state until the RDY line goes high. In this manner, the SYNC 
signal can be used to control RDY to cause single instruction 
execution. 


OPERATIONAL ENHANCEMENTS 


Table 2 lists the operational enhancements that have been 
added to the CMOS family of CPU devices and compares the 
results with their NMOS R6502 counterpart. 


Table 2. CMOS Operational Enhancements 







Function 


Interrupt after fetch of BRK instruction. 





; NMOS R6502 wigroeiecese CMOS R65C00 Family Microprocessor 
Indexed addressing across page boundary. Extra read of invalid address. Extra read of last instruction byte. 


Execution of invalid op codes. Some terminate only by reset. Results are All are NOPs (reserved for future use). 
undefined. 
Jump indirect, operand = XXFF. Page address does not increment. Page address increments and adds one ad- 
ditional cycle. 
Read/modify/write instructions at effective One read and two write cycles. Two read and one write cycle. 
address. 
Decimal flag. Indeterminate after reset. Initialized to binary mode (D= 0) after resat 
and interrupts. 


Flags after decimal operation. Invalid N, V and Z flags. Valid flag adds one ‘additional cycle. 


-| Interrupt vector is loaded, BRK vector is BRK is executed, then interrupt is executed. 
ignored. 
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‘ADDRESSING MODES 
The R65C00 CPU farnily has 15 addressing modes. (two more 


than. the NMOS equivalent family). In the following discussion. 


of these addressing modes, a bracketed expression follows the 
_title of the mode. This expression is the term used in the Instruc- 
tion Set Op Code Matrix table (later in this product description) 
to make it easier to identify the actual addressing mode used 
by the instruction. 


ACCUMULATOR ADDRESSING [Accum]—This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 


IMMEDIATE ADDRESSING [IMM]—In immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing required. 


ABSOLUTE ADDRESSING [ABS]—In absolute addressing, the 
second byte of the Instruction specifies the eight low order bits 
of the effective address while the third byte specifies the eight 
high order bits. Thus the absolute addressing mode allows 
access to the entire 64K bytes of addressable memory. 


ZERO PAGE ADDRESSING [ZP]—The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high.address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 


ZERO PAGE INDEXED ADDRESSING [ZP, X or Y]—(X, Y 
indexing) —This form of addressing is used with the index reg- 
ister and is referred to as “Zero Page, X” or “Zero Page, Y”. 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of “Zero 
Page” addressing, the content of the second byte references 
a location in page zero. Additionally, due to the “Zero Page” 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


ABSOLUTE INDEXED ADDRESSING [ABS, X or Y]—(X, Y 
indexing)—This form of addressing is used in conjunction with 
X and Y index register and is referred to as "Absolute, X” and 
“Absolute, Y”. The effective address is formed by adding the 
contents of X or Y to the address contained In the second and 
third bytes of the instruction. This mode allows.the index register 
to contain the index or count value and the instruction to contain 
the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resuiting in 
‘ teduced coding and execution time. , 
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INDEXED ABSOLUTE INDIRECT [(ABS, X)]* 

The contents of the second and third instruction bytes are added 
to the X-register. The sixteen-bit result is a memory address con- 
taining the effective address. (JMP (ABS, X) only). 


IMPLIED ADDRESSING [Implied]—tn the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation cade of the instruction. 


RELATIVE ADDRESSING [Relative]—Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is —128 to +127 bytes from the 
next instruction. 


INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The. result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address, The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 


order bytes of the effective address must be in page zero. 


INDIRECT INDEXED ADORESSING [(IND), Y]—In indirect 


NOTE 


indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this mernory location are added to the contents 
of the Y index register, the result being the low order eight bits 


_of the effective address. The carry from this addition Is added 


to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT [(ABS)]—The second byte of the instruc- 
tion contains the low order eight bits of a memory location. The 
high order eight bits of that memory location are contained in 
the third byte of the instruction. The contents of the fully specified 
memory location are the low order byte of the effective address. 
The next memory location contains the high order byte of the 
effective address which is loaded into the sixteen bits of the 
program counter. (JMP (ABS) only.) 


INDIRECT [(IND)]*—The. second byte of the instruction con- 
tains a zero page address serving. as the indirect pointer. 


*These addressing modes are not available to the NMOS CPU 


family (e.g., the R6502). 
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INSTRUCTION SET 


Table 3 lists the instruction set for the CMOS°CPU family in 
alphabetic order according to mnemonic. Table 4 lists the hex- 
adecimal codes for each of the instructions that are new to the 
CMOS family and were not available in the NMOS R6502 device 
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family. Table 5 lists those instructions that were available on the 
NMOS family, but have been assigned new addressing modes. 
in the CMOS CPU family. 


Table 3. Alphabetic Listing of Instruction Set 





Mnemonic 


Function 





(2) 
(2) 


(1) 
(1) 


(2) 


(2) 





(2) 


(2) 
(2) 


(2) 


(2) 





(1) 


ADC 
AND 
ASL 


BBR 


BBS | 


BCC 
BCS 
BEQ 





Add Memory:to Accumulator with Carry 


. "AND" Memory with Accumulator - 
Shift Left One Bit (Memory or Accumuiator) 


Branch on Bit Reset 
Branch on Bit Set 
Branch on Carry Clear 


| Branch on Carry Set 


Branch on Result Zero 


Test Bits in Memory with Accumulator 


Branch on Result Minus 
Branch on Result not Zero 
Branch on Result Plus 
Branch Always ~ 

Force Break _ 

Branch on Ovettlow Clear 
Branch on Overflow Set 


' Clear Carry Flag 


Clear Decimal Mode 

Clear Interrupt Disable Bit: 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 


_ Compare Memory and Index Y 


Decrement Memory by One 


| Decrement Index X by One 


Decrement Index Y by One 
“Exclusive-OR” Memory with Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to.New Location Saving Return Address 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 





Notes: 


(1) Instruction not available on the NMOS family. 





Mnemonic 


(2) 


(1) 
(2) 


NOP 


ORA 


(2) R6502 instruction with additional addressing mode(s). 


2-208 





Function 


No Operation 


“OR” Memory with Accumlator 


_ Push Accumulator on Stack 


Push Processor Status on Stack 
Push X Register on Stack . 
Push Y Register on Stack 


‘Pull Accumulator from Stack 


Pult Processor Status from Stack 
Pull X Register from Stack 
Pull Y Register from Stack 


Reset Memory Bit i“ 

Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 
Return from Subroutine 


Subtract. Memory from Accumulator with Borrow 


. Set Carry Flag 


Set Decimal Mode 

Set Interrupt Disable Status 
Set Memory Bit 

Store: Accumulator in Memory 
Store Index X in Memory 
Store Index Y¥ in Memory 
Store Zero 


Transfer Accumulator to Index X 
Transfer. Accumulator to Index Y 
Test and Reset Bits 

Test and Set Bits 

Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer index Y to Accumulator 








80 
3A 
1A 
DA 
5A 
FA: 
7A 
9C 
9E 
64 
74 
1C 
14 
oc 
04 
89 
OF-7F™ 
8F-FFM 
07-77) 
_ 87-F7 


Note: 


R65C02; R65C102, and R65C112 
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Table 4. Hexadecimal Codes For New instructions in The CMOS Family 


Mremonic 





1. Most significant digit change only. 
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_ Description 





' Pull X from stack [Implied] 


Branch relative always [Relative] 
Decrement accumulator {Accum} 
Increment accumulator (Accurn] 
Push X on stack [Implied] 

Push Y on stack [Implied]. 





Pull ¥ from stack [Implied] 

‘Store zero (Absolute] 

Store zero [ABS, X] 

Store zero [ZP] 

Store zero [ZP, X] 

Test and reset memory bits with accumulator [ABS] 
Test and reset memory bits with accumulator {ZP] 
Test and set memory bits with accumulator [ABS] 
Test and set memory bits with accumulator [ZP] 
Test Immediate with accumulator [IMM] 

Branch on bit reset [Bit Manipulation, ZP, REL) 
Branch on bit set [Bit Manipulation, ZP, REL] 
Reset memory bit [Bit Manipulation, ZP] 

Set memory bit [Bit Manipulation, ZP} 





Table 5. Hexadecimal Codes For Instructions. With New CMOS Addressing Modes 


Add memory to accumulator with. carry [(IND)]. 

AND memory with accumulator {(IND)) 

Test memory bits with accumulator [ABS, X] 

Test memory bits with. accumulator [ZP, X] 

Compare memory and accumulator [(IND)] 

Exclusive Or memory with accumulator [(IND)] 
Jump (New addressing mode) [(ABS, X)] 

Load accumulator with memory [(IND)} 

OR memory with accumulator {(IND)] 
Subtract Memory from accumulator with borrow [(IND)] 
Store accumulator in memory [(IND)] 
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INSTRUCTION SET OP CODE MATRIX. 





















































The following matrix shows the 210 Op Codes associated with the number of instruction bytes, and the number of machine 
the R65C00 family of CPU devices. The matrix identifies. the -cycles associated with each Op Code. Also, refer to the insfruc- 
hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these Op Codes. 
a BaP G 1 2 3 4 5 6 7 a 9 A B c D E F 
72) 5 
2 PHP 
0 implied ; 0 
1 3. 
CLO | ORA 
1 Implied : 1 
12/3 4 
PLP 
2 (mplied 2 
14 
SEC | AND 
3 Implied | ABS, Y 3 
12 ),;3 4 
PHA 
4 | Implied Implied 4 
1 6 r 463 33 
CLI 
5 | Relative | (IND), Y implied ; 5 
2e7/;2 5 12 
ATS PLA 
6 | tmplied | ; Implied 7 6 
1 6 1 4 é 
AVS SEI PLY 
7 | Relative ( Implied Impiled ; } 7 
1 2 14: 
DEY TXA 
8 Implied Implied 8 
1 2 12 
TYA 
9 Implied Implied 9 
12 12 
TAY 
A Implied Implied A 
CLV 
B , ; implied : A : B 
CMP 
Cc (IND, X) Implied Cc 
2 6 12 
CMP 
D | Relative | (IND), Y : Implied i ; D 
a aaa 12 
INX 
E Implied E 
12 
SED 
F i Implied i i F 
0 1 2 3 4 5 6 7 8 9 A B Cc D E F 
0) 
tAdd 1 to N if in decimal mode. 
BRK | —OP Code "Add 1 to N if page boundary is crossed. 
oe. 0 | Implied | —Addressing Made **Add 1 to N if branch occurs to same page; 
New Opcode : : ‘ : : 
1 7 | —Instruction Bytes; Machine Cycles Add 2 to N if branch occurs to different page. 
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R65C02, R65C 102, and R65C11 R65C00 Microprocessors (CPU) 
AC CHARACTERISTICS 


1 MHz 
Parameter Min Max 
CYC 








CLOCK TIMING 





02 Cycle Time 
































| #4 High Pulse Width 
Clock Rise and Fall Times _ 
READ/WRITE TIMING 


R/W Setup Time 
FUW Hold Time 











Address Setup Time taos 
Address Valid to #4 High“) 


| taaw 
| tos 
‘Address Hold Time 
tace 
| tosu | 
| tua | 
| twos 
| too _| 
| tw | 








Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Delay Time®@ 
Write Data Delay Time 
Write Data Hold Time 


CONTROL LINE TIMING 
SYNC Detay , 
































SO Setup Time 
ML Delay Timet®) 


ML Hold Time tuLy 15 = 


BE Delay Timex®) tee _ 


RG, RES Setup Time ‘tis - 200 
NMI Setup Time [tw | 200 


. Notes: 
1. R65CO2 and R6SC102 minimum operating frequency is limited by $2 low pulse width. All processors can be stopped with $2 held high. 
2. R65C02 only. 
3. R65C02 and R65C102 only. 
4. AG5C102 only. 
5. R65C102 and R65C112 only. 
6. R65C112 only. 
7. Voltage levels shown are V, < 0.4V and V,, = 2.4V unless otherwise stated. 
8. Measurement points shown are 0.8V (low) and 2.0V (high) for inputs and 15V (low and high) for outputs, unless otherwise specified. 
9. BE signal is asynchronous. 
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90 (IN) 

















#1 (OUT) 
¢2 (OUT) 
—| t— ‘avs READ (R/W = HIGH) — ta tuaw 
moat ep a Te a 
ee Se 
~— tur 
Do-D7 |) €: i CD Os oe R o> y OS, OSA o°0,F, 6°09. - Tee OF" 
PK KSC OOCK SOOO PK KOSS? a KX XS OC XK 
(READ) SLI SI KIKI IG COLIN 
; OKA 500 
(WRITE) NCIC 
tic Calera | ee ee 
ROY, IRQ EEA GE aoe 
NMI, RES . ING, NMI, AES ACTIVE. ~ i cl 





J rm ‘Be ty 
tsos bene 


BE* 





tav 


NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS. 


*ML (MEMORY LOCK) AND BE (BUS ENABLE) NOT APPLICABLE TO R65C02. 





Figure 3. Timing Diagram for the R65C02 and A65C112 
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XTLI (IN). 





XTLO (OUT) 


#2 (OUT) 


04 (OUT) 






tunw: ta —_——_ 





RW, SYNC, _WRITE (R/W 


A0-A15, ML * 


D0-D7 
(READ) 


DO-D7 
(WRITE) 





RADY ACTIVE. 


Wi, RES (RG, NM AND RES aa 
NMI, RES IRQ, NMI AND RES ACTIVE 


tbe tae tum 
BE* taps 


tev 


NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS: 





Figure 4. Timing Diagram for the R65C102 


CRYSTAL/CLOCK CONSIDERATIONS Table 6. Nominal Crystal Parameters 
CRYSTAL/CLOCK CIRCUITS 

Figure 5 shows a time base generation scheme, for 4 MHz opera- RS 60 50 

tion of the R65C02, that has been tested and proven reliable for co 3.5 6.5 

normal environments. As with any ciock oscillator circuit, stray C1 015 025 

capacitance due to board layout can cause unpredictable results Q 740K | 730K 7 

requiring “fine tuning” of the circuit. Figure 6 shows a possible Note: These represent at-cut crystal parameters only, Others may 
external clock scheme for a R65C102 and R65C112 master/stave be used. 








configuration. Table 6 identifies nominal crystal parameters for 
tive crystal frequencies. 
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NOTES: ‘CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT. 
**SEE CAUTION FOR STANDBY OPERATION. 





Figure 5. Example of R65C02 Time Base Generation 


STOPPING THE CLOCK-STANDBY MODE 


Caution must be exercised when configuring the R65C02 
or R65C112 in the standby mode (i.e., 90 IN or @2 IN clock 
stopped). The input clock can be held in the high state indefi- 
nitely; however, if the input clock is held in the low state longer 
than 5 microseconds, internal register and data status can be 
lost. Figure 7 shows a circuit that will stop the 90 IN (R65C02) 
or 92 IN (R65C112) clock in the high state during standby mode. 














L=STANDBY 
H=ACTIVE 







TIME 

BASE 

(SEE 
FIGURE 5**) 





THE OSCILLATOR IN THE A6SC102 IS SERIES RESONANT. 






THE CRYSTAL INPUT IS DIVIDED BY 4: (R65C102 ONLY) 


XTAL 
@2 = 1 


SEE CAUTION FOR STANDBY OPERATION. 







NOTE: . 
1. R65CO2 = 60 (IN) 
R65C112 = $2 (IN) 











Figure 6. Example of External Clock for R65C102 Figure 7. Standby Mode Circuit 
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‘| Storage Temperature Tsta 


‘| Supply Voltage BV 45% 
A 





R65C02, R65C102, and R65C112 
MAXIMUM RATINGS* 7 


npr vote 


Operating Temperature | , 





























Ic 
Ta °C 
Commercial 


0 to +70 
Industrial -40 to +85 


~55 to +150 °C 





















OPERATING CONDITIONS 


_pwameior | Symbol [va 







Temperature Range T, 
Commercial 


Industrial 





0° to 70°C 
-—40°C to +85°C 






DC CHARACTERISTICS 






Input High Voltage Vin 
_ All Other Input Pins 
@0 on.A6S5C02 

@2 on R65C112° 










Input Low Voltage 

All Other Input Pins 
#0 on A65C02 
$2 on R65C112 






Input Leakage Current __ 
NMI, IRQ, BE, RDY, RES, SO 
$2 IN, 90 IN, XTLI 





Output High. Voltage . a ; a= 
SYNC, Data, AO-At5, R/W, 61, $2, 04, ML 





Output Low Voltage on _ 
SYNC, Data, AO-A15, RW, $1, 02, 04, ML 


Supply Current 
Standby4 
Active (R65C02) 
Active (A65C102) 
Active (R65C1 12) 

Low Power (R65C02) 

Low Power (R65C 102) 

Low Power (A65C1 12) 









Capacitance “| C 
NMI, IRQ, SO, BE, RDY Cin 
Data, 01, #2, 04, ML, XTLO 


AO-A15, R/W, SYNC Cour 
0.(IN), XTLI Cy 








92 (IN) C, 


Notes: 
1. All units are direct current (dc). 


3. IRQ and-NMI require external pull-up rasistor. 
4. Typical values are shown for Vog = 5.0V and T, = 25°C. 





pA Vin = OV to 5.25V 
Veo = OV 










R65C00 Microprocessors (CPU) 


*Note 


Stresses above those listed may cause permanent damage to 
the device. This is a stress rating only and functional operation 
of the device at these or. any other conditions above those 
indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Vo. 

















Vin = 0.4V to 2.4V 
Voc = §.25V 
Voc = 4.75V 
ILoap = — 100 uA 
Vou +04 v Voc = 4.75V 
: 'Loap = 1.6 pA 
uA Veo = 5.0V 

mA/MHz 

mA/MHz 

mA/MHz ; 

mA/MHz ADY = 0 


ROY = 0 









10 
30 





2. Negative sign indicates outward current flow, positive indicates inward flow. 


A 


Rockwell 
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R65C21 


PERIPHERAL INTERFACE ADAPTER (PIA) 





PRELIMINARY 
FEATURES 


DESCRIPTION 


The R65C21 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When cou- 
pled with the power and speed of the R6500, R6500/" or R65C00 
family of microprecessors, the R65C21 allows implementation 
of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to “handshake” data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


The R65C21 is available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial operating temperature range, 
and operating frequencies of 1, 2, 3, or 4 MHz. These versions 
are coded into the part number as follows: 





Part Number: 
R6S5C21___ 
Ltemperature Range (T_ to T,,): 
Blank = 0°C to +70°C 
E = —40°C to +85°C 
















Frequency Range: 
1=1 MHz 
2 =2 MHz 
3 =3 MHz 
4 =4 MHz 

Package: 
C = Ceramic 
P = Plastic 








Low power CMOS N-well silicon gate technology 

Direct replacement for NMOS R6520 or MC6821 PIA 

Two 8-bit bidirectional I/O ports with individual data direction 
control 

Automatic “Handshake” control of data transfers 

Two interrupts (one for each port) with program control 

1, 2, 3,,and 4 MHz versions 
Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

5 volt +5% supply requirements — 

Compatible with the R6500, R6500/* and R6E5C00 family of 
microprocessors 


OOnN OM PAN = 


Figure 1. R65C21 Pin Configuration 





Document No. 29651N53 
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R65C21 _ Peripheral Interface Adapter (PIA) 


‘ 


FUNCTIONAL DESCRIPTION 


The R65C21 PIA is organized into two independent sections data from the two sections to the. data bus, while the Data Input 
referred to as the A Side and the B Side. Each section consists Register (DIR) interfaces data from the DBB to the PIA registers. 
of a Control. Register (CRA, CRB), Data Direction Register. Chip Select and RW control circuitry interface to’ the processor 
(DDRA, DDRB), Output Register (ORA, ORB), Interrupt Status bus control lines. Figure 2 is a block diagram of the R65C21 
Control (ISCA, [SCB), and the buffers necessary to drive the PIA. 


Peripheral Interface buses. Data Bus Buffers (DBB) interface 


AGA —— : — “] INTERRUPT STATUS [f* en! 
| CONTROL A (ISCA) ; CA2 

CONTROL — 

REGISTERA [OF sODATA DIRECTION 


















00 | (EBA) | REGISTER A 
(DDRA) 
D1 - 
es lf _ — 
03 DATA BUS —. OUTPUT pee 
i _ |) BUFFER = f- | a 
05 ea PERIPHERAL . ; > PAI 
OUTPUT = PERIPHERAL + PA2 
Dé REGISTER A [<> INTERFACE PAS 
D7 _(ORA) BUFFER A PAG 
(PIBA) | <> PAS 
PAG 
PA7 
DATA INPUT end 
. REGISTER PBT 
( PERIPHERAL 
mn) OUTPUT PERIPHERAL » PB2 
———— > INTERFACE » PBS 
REGISTER B 3; 
(PIBB) PBS 
cso : PB6 
cst PB7 
oe | CHIP 
RSO SELECT 
INPUT BUS 
RS1 & RW 
= CONTROL DATA DIRECTION 
oe CONTROL REGISTER B 
t2 neaistens |__| (0R®) 
RES (CRB) 





= 1 INTERRUPT STATUS eae a, 
pees a a . CONTROL B (ISCB 


Figure 2. R65C21 PIA Block Diagram 
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ATA INPUT REGISTER (DIR) 


Nhen the microprocessor writes data into the PIA, thé data 
vhich appears on the data bus during the 92 clock pulse is 
atched into the Data Input Register (DIR). The data is then 
ransferred into one of six internal registers of the PIA after the 
railing edge of the $2: clock. This assures that the data on the 
deripheral output lines will make smooth transitions from high 
0 low (or from low to high) and. the voltage will remain stable 
yxcept when it is going to the opposite polarity. 


SONTROL REGISTERS (CRA AND CRB) 


Table 1 illustrates the bit designation and functions in the two 
sontrol registers. The control registers allow the microprocessor 
© control the aperation of the Interrupt Control Inputs (CA1, 
>A2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Jit 2 in each register controls the addressing of the Data Direc- 
ion Registers (DDRA, DDRB) and the Output Registers (ORA, 
RB). In addition, two bits (bit 6 and 7) in each control register 
ndicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
2B2). These Interrupt Status bits. (1AQA1, IRQA2 or IRQB1, 
RQB2) are normally interrogated by the microprocessor during 
he IRQ interrupt service routine to determine the source of the 
nterrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (ODDRA, DDRB) allow the pro- 
essor to program each line in the 8-bit Peripheral I/O port to 
. either an input or an output. Each bit in DDRA controls the 
sorresponding line in the Peripheral A port and each bit in DDRB 
sontrols the corresponding line in the Peripheral B port. Writing 
10” in a bit position in the Data Direction Register causes the 
x0rresponding Peripheral I/O line to act as an input; a “1” 
sauses it to act as an output. 


3it 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
?eripheral interface. If bit 2 is a “1,” a Peripheral Output register 
ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Aegister (DDRA, DDRB) is selected. The Data Direction Reg- 
ster Access Control bit, together with the Register Select lines 
ASO, RS1) selects the various internal registers as shown in 
Fable 2. 


n order to write data into DDRA, ORA, DDRB, or ORB registers, 
rit 2 in the proper Control Register must first be set. The desired 
‘egister may then be accessed with the address determined by 
the address interconnect technique used. 


Peripheral Interface Adapter (PIA) 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral /O port. if a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (PAO-PA7, PBO-PB7) 


The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on. the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 


The buffers which drive the Peripheral A I/O lines contain “pas- 
sive” pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
V/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B /O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as-is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these {ines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 





CA2 Control . pone 


fe nw IN a | 


. DDRB 
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DDRA 





CA! Control 
CB1 Control 









R65C21 — 


The Peripheral B 1/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic -4 
voltage will not go higher than +2.4V. 


Another difference between the PAQ-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a “high” state or are above 
0.8 volts fora “low” state. When programmed as output, each 
line can drive at least a two TTL foad and may.also be used as 
a source of up to 3.2 milliamperes at 1.5 volts to directly drive 
the base of a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to. act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B /O (ines are programmed to act as inputs, the 
output buffer enters the high’ impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the D0-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces. to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a 92 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 


The PIA interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. 





Peripheral Interface Adapter (PIA) 


Figure 1 (on the front page) shows the pin assignments for these. 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CSO, CS1, CS2) 


The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is. selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 


RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes ail internal registers to be cleared. 


CLOCK SIGNAL (92) 


The Phase 2 Clock Signal ( @2) is the system clock that triggers 
all data.transfers between the CPU and the PIA. 02 is gener- 
ated by the CPU and is therefore the synchronizing signat 
between the CPU and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered. from the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (RSO, RS1) 


The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. ASO and RS1 are normaily connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines. the CPU can write directly into the Control 








2 
tl 
ns, RW 
R6500/" nei 
O8 cso 
R65C00 gi 
MICROPROCESSOR eS 
FAMILY AES 

iIRQA <}——__——__—— 


Figure 3. 







PIA 
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C1) > PAO-PA7 


PERIPHERAL 
DEVICE 
CAI ‘ 
CA2 
ee PERIPHERAL 
<> 
2 DEVICE 
B 


C18) PB0-PB7 


Interface Signals Relationship 
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Registers (CRA, CAB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA,. ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data’ 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2.- 


Table 2. ORA and ORB Register Addressing 


Register .|Data BON act iewian | 
R egister Select Lines Control Register Operation 
. Address CRA | CRB = Lo 
(Hex) (Bit 2) | (Bit 2)) A/W=H RW=L 





Read PIBA |Write ORA 
Read CRA |Write CRA 
Read PIBB |Write ORB 
Read DDRB/Write ODRB 
Read CRB [Write CRB} 


INTERRUPT REQUEST LINES (IRQA, IRQB) 


The active low Interrupt Request lines (IRQA and TRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source. This 
permits all interrupt request lines to be tied.together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 


that each Interrupt request line services one peripheral data 


port. 


Each Interrupt Request line has two interrupt flag bits which can 

-cause the Interrupt.Request line to go low. These flags are bits 
‘6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which altows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1, 
CA2, CB1, C82), The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1, CA2, 
CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an active transition of the 
CA1 interrupt input signal. However,.IHQA can be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 





Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3, 


Control of IRQB is performed in exactly the sare manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
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by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and |RQB from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a “Read Peripheral 
B Output Register’ operation. A summary of IRQB contro! is 
shown in Table 3. 


Tabie 3. ROA and IRQB Control Summary 


[—Conmotegisersis | __—_—Aation ——_—i 
















IRQS 
CRB-6=1 and CRB-3=1 TRQB goes low (Active) | 


Note: 











The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) | 


The four interrupt input/peripheral conirol lines provide a number 
of special peripheral control functions. Thése lines greatly 
enhance the power of the two general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 4 summarizes the operation of 
these contro! lines. 


CA1 Is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to. a logic 1. 
The. active transition can be programmed by setting a “O” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a “1” if it is to be set 
On a positive transition. , 


NOTE: 


A negative transition is defined as a transition from a high 
to a low, and 4 positive transition is defined as a transition 
from a low to a high voltage. 


CA2 can act as a totally independent interrupt or as a peripheral! 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 


These control register bits and interrupt inputs serve the same 
: basic function as that described above for CA1. The input signal 


sets the interrupt: flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 
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CONTROL REGISTER A (CRA) 
CA2 INPUT aa UT NoPE (BIT 5 = 0) 


CA2 INPUT IRQA1 ROA 
MODE SELECT. POSITIVE ENABLE SELECT POSITIVE ENABLE 
(=0) TRANSITION FOR IRQA2 TRANSITION FOR IRQA1 


" IRQA/IRQA2 TROAIRQA1 
CONTROL CONTROL 


CA2 OUTPUT CA2 IRQA1 © IRGA 
MODE SELECT OUTPUT RESTORE ’ POSITIVE ENABLE 
(=1) ‘CONTROL CONTROL TRANSITION FOR !IRQA1 


IRQA1 FLAG 

.A transition has occurred on CAI that satisfies the bit 1 IRQA\ transition polarity criteria. This. dit is cleared by a ‘ead of Output Register 
A or by RES: 

Ne transition has occurred on CAI that ealienes the bit 1 IRQA1 transition polarity criteria. 


OUTPUT REGISTER A SELECT 
Select Output, Register A. 
Select Data Dirgetien Register A. 


IRQA1 POSITIVE TRANSITION 
Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CAI. 
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1. 


IRGA ENABLE FOR IRQA1 
Enable assertion of IRQA when IRQA1 Flag (bit 7} is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 





CA2 INPUT MODE (BIT 5 = 0) CA2 OUTPUT MODE (BIT 5 = 1) 


IRQA2 FLAG — Bit6é NOT USED 
A transition has occurred on CA2 that satisfies the bit 4 0 Always zero. 
IRQA2 transition polarity criteria. This flag is cleared by 
a read of Output Register A-or by RES. BitS CA2 MODE SELECT 
No transition has occurred on CA2 that satisfies the bit 1 Select CA2 Output Mode. 
4 IRQA2 transition polarity criteria. 
Bit4 CA2 OUTPUT CONTROL 
CA2 MODE SELECT 1 CA2 goes low when a zero is written into CRA bit 3. 
Select CA2 Input Mode. ‘ CA2 goes high when a one is written into CRA bit 3. 
: CA2 goes low on the first negative (high-to-low) $2 
IRQA2 POSITIVE TRANSITION clock transition following ‘a read of Output Register A. 
Set IRQA2 Flag (bit 6) on a positive (low-to-high) CA2 returns high as specified by bit 3. 
transition of CA2. 
Set IRQA2 Flag (bit 6) on a negative (high-to-low) Bit3  CA2 READ. STROBE RESTORE CONTROL (4 = 0) 
transition of CA2. CA2:retums high on the next $2 clock negative 
transition following ‘a read of Output Register A. 
IROA ENABLE FOR IRQA2 CA2 returns high on the next active CA1 transition 
Enable assertion of IRQA when IRQA2 Flag (bit 6) is __ following a read of Output Register A as specified by 
set. bit 1. 
Disable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 





Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 
CB2 INPUT MODE (BIT 5 = 0) 


IRQB1 © IRQB2 CB2 INPUT IRQB2 IRQB 
FLAG FLAG 


MODE SELECT POSITIVE ENABLE 
CB2 OUTPUT MODE (BIT 5 = 1) 































- 1RQB1 IRQB 
POSITIVE ENABLE: 
TRANSITION: | FOR IRQB1 


(RQBV/IRQB1 
CONTROL 








(=0) TRANSITION FOR IRQB2 


{RQB/IRQB2 
CONTROL 





CB2 OUTPUT 
MODE SELECT OUTPUT RESTORE 
(=1) CONTROL CONTROL 


CB2 TRQB/IRQB1 
CONTROL - . ; CONTROL 
CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


IRQB1 FLAG 

A transition has occurred on CBI that satisfies the bit 1 IRQBt1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. 

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 





OUTPUT REGISTER B SELECT 
Select Output Register B. 
Select Data Direction Register B. 


IRQB1 POSITIVE TRANSITION 
Set IRQB1 Fiag (bit 7) on a positive (low-to-high) transition of CB1. 
Set IRQB1 Fiag (bit 7) on a negative (high-to-low) transition of CB1. 


IRQB ENABLE FOR IRQB1 
Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. _ 





CB2 OUTPUT MODE (BIT 5 = 1) 


NOT USED 
Always zero. ° 


IRQB2 FLAG . 

A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This flag is cleared by. 
a read of Output Register B or by RES. 

No transition has occurred on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 


CB2 MODE SELECT 
Select CB2 Output Mode. 


CB2 OUTPUT CONTROL 

CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 
CB2 goas low on the first negative (high-to-low) 92 


CB2 MODE SELECT 
Select CB2 input Mode. 


IRQB2 POSITIVE TRANSITION 

Set [RQB2 Fiag (bit 6) on a positive (low-to-high) 
transition of CB2. 

Set IRQB2 Flag (bit 6) on a negative (high-to-low) 
transition of CB2. 


clock transition following a write to.Output Register B. 
CB2 retums ws high as specified by: bit 3.. 


CB2 WRITE STROBE RESTORE CONTROL 

_ iT 4-= 0) 
CB2 returns high on the next $2 clock negative 
transition following a write to Output Register B. 
CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 
bit 1. 


IRQB ENABLE FOR 1 IRQB2 

Enable assertion of IRQB when IRQB2 Flag (bit 6) is. 
Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. : 





Figure 4. Control! Line Operations Summary (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set-high or low. by setting bit 3 of CRA to a 1 or 
a 0 respectively. 


CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2.input modes, The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the “handshaking” operates on data 
transfers from the processor into the peripheral device. 


‘READING THE PERIPHERAL A I/O PORT 


Performing a Read operation with RS1 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 


taca 


RSO, RS1, RRR 
CSO, CS1, CS2 Sor 


OAD oe 
PAQ-PA7 230% eaten 
PBO-PB7 woretetece 


LAD 


po-p7 x nee 
e, 


DATA IN CO 


CAR, 
(PULSE OUT) 


CA2 
(HAND SHAKE) 


Peripheral Interface Adapter (PIA) 


transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will. contain both the input and out- 
put data. The processor must be programmed to. recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 


__ Since the processor always reads the Peripheral A I/O port pins 


instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 
+2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a.1. 


READING THE PERIPHERAL B I/O PORT 
Reading the Peripheral B I/O port yields a combination of input 


‘and output data in a manner similar to the Peripheral A port. 


However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. . 





Figure 5. Read Timing Waveforms 
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Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 


Parameter 


$2 Cycle 
92 Pulse Width 
$2 Rise and Fall Time 









‘READ TIMING 





Address Set-Up Time 
Address Hold Time 
Peripneral Data Set-Up Tima 
Data Bus Delay Time. 

Data Bus Hold Time 







WRITE TIMING 


Address Set-Up. Time 
Address Hold Time 
R/W Set-Up Time 
RW Hold Time _ 
Data Bus Set-Up Time 
Data Bus Hold Time 
Peripheral Data Delay Time 
Peripheral Data Delay Time 
to CMOS Level 





























PERIPHERAL INTERFACE TIMING 















Peripheral Data Set-Up 
$2 Low to CA2 Low Delay 

$2 Low to CA2 High Delay 

CA1 Active to CA2 High Delay 

$2 High to CB2 Low Delay 

Peripheral Data Valid to CB2 Low Delay 
$2 High to CB2 High Delay 

CB1 Active to CB2 High Delay 

CA1, CA2, CB1 and CB2 
Input Rise and Fall Time 
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ABSOLUTE MAXIMUM RATINGS* 


[_—sParameter_ =< Symbol|__‘Value _—_‘([Unit] *NOTE: Stresses above those listed may cause permanent 

Supply Voltage damage to the device. This is a stress rating only and functional 

u Ty operation of the device at these or any other conditions above 

Input Voltage — 0.3 to Veg +0.3 those indicated in other sections of this document is not implied. 

Output Voltage Exposure to absolute maximum rating conditions for extended 
°C 


Operating Temperature Range periods may affect device reliability. 
Commercial 0 to +70 , 
Industrial: : -40 to +85 


OPERATING CONDITIONS 


a 
Supply Voltage 5V +5% 
Ta 


Temperature Range 
Commercial 0°C to 70°C 
Industrial - 40°C to + 85°C 


DC CHARACTERISTICS 


(Veco = 5.0V +5%, Vsg = 0, Ta = T_ to Ty, unless otherwise noted) 








Test Conditions 


Input High Voltage 
All except PBO-PB7, ARES : 
PBO-P67, RES 4 |. 

Input Leakage Current oa : Vin = OV to Vee 
R/W, RES, RSO, AS1, CSO, CS1, CS2, CA1, Vee = 5.25V 
CB1, 62 


Input Leakage Current for Three-State Off Vin = -0.4V to 2.4V 
‘DO-D7, PBO-PB7, CB2 Voc = 5.25V 
Input High Current 
PAO-PA7, CA2 
Input Low Current 
PAO-PA7, CA2 
Output High Voltage 
Logic lLoab = —200pA 
PBO-PB7, CB2 (Darlington Drive) loan = —3.2mA 
Output Low Voitage : Veco = 4.75V 
PAQ-PA7, CA2, PBO-PB7, CB2 lloan = 3.2 MA 





Do-D7, IRQA, IRQB 


Output High Current (Sourcing 
Logic 
PBO-PB7, CB2 (Darlington Drive) 
Output Low Current (Sinking) 
PAQ-PA7, PBO-P87, CB2, CA2 
DOQ-—D7, IRQA, IRQB 


Output Leakage Current (Off State) 
IRQA, IRQB 


Input Capacitance 
DO—D7, PAO-PA7, PBO0-PB7, CA2, CB2 
RAW, RES, RSO, RS1, CSO, CS1, CS2 
CA1, CB1, 42 


| Output Capacitance | Cor | OT Tt] 


Notes: 

1. All units are direct current (dc) except capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Vog = 5.0V and Ty = 25°C. 


© 
2 
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PACKAGE DIMENSIONS 
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PERIPHERAL INTERFACE 


= Yevel MN ADAPTER(TIMER (PIAT) 





PRELIMINARY 
DESCRIPTION FEATURES 
The R65C24 Peripheral Interface Adapter/Timer (PIAT) is e Low power CMOS N-well silicon gate technology 
designed to solve a broad range of peripheral control problems e Two 6&-bit bidirectional /O ports with individual data direction 
in the implementation of microcomputer systems. This device control 


allows a very effective trade-off between software and hardware 
by providing significant capability and flexibility in a low cost 
chip. When coupled with the power and speed of the R6500, 
R6500/* or R65C00 family of microprocessors, the R65C24 
allows implementation of very complex systems at a minimum 
overall cost. 


e Programmable 16-bit Counter/Timer with eight modes of 
operation : 

Three 8-bit latches associated with the Counter/Timer 
Selectable divide-by-sixteen prescaler for all modes 
Automatic “Handshake” control of data transfers 

Two interrupts (one for each port) with program control 

1, 2, 3, and 4 MHz versions 

Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

Single 5V + 5% supply requirements 

Compatible with the R6500, R6500/* and R65CO0 family of 
microprocessors - 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to “handshake” data between 
the processor and a peripheral device. 


The PIAT also contains one 16-bit Counter/Timer comprised of 
a 16-bit counter, two 8-bit latches associated with the counter, 
and an 8-bit snapshot latch for the upper half of the counter. A 
counter mode control register, under software direction, selects 
any one of eight counter modes of operation, and the status 
register contains an underflow flag to report counter time-out. 
A maskable interrupt request allows immediate CPU notification 
upon counter time-out. 


ORDERING INFORMATION 


The R65C24 is available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial temperature range, and 
operating frequencies of 1, 2, 3, or 4 MHz. These versions are 
coded into the part number as follows: 


So@Onan agaN — 


Part Number: 
R65C24 , 





ULTemperature Range: 
Blank = 0°C to +70°C 
E = —40°C to +85°C 


Frequency Range: 
1 = 1 MHz 
2 = 2.MHz 
3 = 3 MHz 
4 = 4 MHz Figure 1. R65C24 Pin Configuration 





Package: 
C = Ceramic 
P = Plastic 





Document No. 29651N54 Product Description Order No. 2151 
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FUNCTIONAL DESCRIPTION 


The R65C24 PIAT is organized into three independent sections 
referred:to as the A Side, the.B Side, and a Counter/Timer. The 
A Side and B Side each consist of a Control Register (CRA, 
CRB), Data Direction Register (DDRA, DDRB), Output Register. 
(ORA, ORB), Interrupt Status Control (ISCA, ISCB), and the 
buffers necessary to drive the Peripheral Interface buses. Data 
.Bus Buffers (DBB) interface data from the two sections to the 
' data bus, while the Data Input Register (DIR) interfaces data 


Peripheral Interface Adapter/Timer (PIAT) 


from the DBB to the PIAT registers. Chip Select and R/W control 
Circuitry interface to the processor bus control lines. The Counter/. 
Timer consists of a 16-bit counter; i.e., an 8-bit Upper Counter 
(UC) and 8-bit Lower Counter (LC), an 8-bit Upper Latch (UL), 
an 86-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL), and a 
Status Register (SR). A Counter Mode Control Register (CMCR) 
selects the Counter/Timer mode of operation. Figure 2 is a block 
diagram of the R65C24 PIAT. 


INTERRUPT STATUS — 
CONTROL A (ISCA) 


4 REGISTERA [ [| | DATA DIRECTION 
(CRA) REGISTER A 
| (DDRA) - 


=OUTPUT BUS 


DATA BUS 
BUFFERS 


(PEE) PERIPHERAL 


OUTPUT 
REGISTER A 


PERIPHERAL 
INTERFACE 
BUFFER A 
(PIBA) 


CONTROL 
REGISTER 
DATA INPUT 


I R f 
fee PERIPHERAL 


OUTPUT 
REGISTER B 


PERIPHERAL 
INTERFACE 
BUFFER B 
(P1BB) 


INPUT BUS 

DATA DIRECTION 
REGISTER B (DDRB) 
(CRB) 


CONTROL 


INTERRUPT STATUS 
CONTROL B (ISCB) 


{RQB 








Figure 2. R65C24 PIAT Block Diagram 
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DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIAT, the data 
which appears on the data bus during the @2 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIAT after the 
trailing edge of the @2 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. , 


CONTROL REGISTERS (CRA AND CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (ODRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral (/O line to act as an input; a “1” 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1 and RS2) selects the various internal registers as 
shown in Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 
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PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral \/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B).. This 
logic interprets .the contents of the corresponding Control! Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL 1/0 PORTS (PA0-PA7, PBO-PB7) 


The Peripheral A and Peripheral 8 /O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. , 


Each of the Peripheral /O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 


The. buffers which drive the Peripheral A /O lines contain “pas- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
VO pin and still supply current to this pin: For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A.port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or.writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 


DDRA 
CRA CA2 Control CA1 <a 





2 
CRB IRQB1 {RQB2 CB2 Control Accoke 


CB1 Contro! 
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The Peripheral B /O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 


Unlike the PAQ-PA7 fines. (which have pull-up. devices), the PBO 
through PB7 lines have three-state capability which allows them 
to enter a high impedance state when programmed to be used 
as input lines. In addition, data on these lines will be read prop- 
erly, when programmed as output lines, even if the data signals 
fall below 2.0 volts for a “high” state or are above 0.8 volts for 
a“low” state. When programmed as output, each line can drive 
at least a two TTL load and may also be used as a source of 
up to 3.2 milliamperes at 1.5 volts to directly drive the base of 
a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
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UPPER COUNTER (UC)] LOWER COUNTER (LC) 


Peripheral B I/O lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the DO-D7 Data Bus, between the microprocessor 
and the PIAT. These butters are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


COUNTER/TIMER 


The Counter/Timer includes a 16-bit counter and three 6-bit data 
latches. {t also includes an 8-bit Counter Mode Control Register 
(CMCR) to select the Counter/Timer operating mode and options 
and an 8-bit Status Register to report time-out condition as well 
as peripheral -data port interrupt conditions. Figure 3 illustrates 
the Timer/Counter. 









COUNTER MODE 
CONTROL REGISTER 


IRQT ENABLED 









OPERATING PRESCALER 
_MODE _ ENABLED 
DECREMENT 
COUNT | CNTR 
: PRESCALER 


UNDERFLOW (UF) 


iRQT BIT 
STATUS REGISTER 













Figure 3. Counter/Timer 
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Counter/Late hes—The Upper Counter (UC) and Lower Counter 
(LC) form a 16-bit down-counter that counts either 92 clock 
pulses from the processor bus or external events from input line 
CNTR; depending on the mode selected. The Upper Latch (UL) 
and Lower Latch (LL) hold the initial higher- and lower-order 
count values to be loaded into the counter. The Snapshot Latch 
(SL) is loaded with the value of the UC when the LC is read or 
the LL is written into by the PIAT. After a read of the LC,-the 
Snapshot Latch is read to provide the current 16-bit value of the 
counter. The Underflow Flag (UF) in the Status Register (SR) 
is set to a 1 whenever the counter (UC, LC) decrements past 
$0000. A Prescaler can be program activated to divide-by- 
sixteen rather than: divide-by-one for any of the Counter/Timer 
modes. 


Counter Mode Control Register—The Counter Mode Control 
Register (CMCR) allows program selection of any of eight 
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Counter/Timer modes of operation, for the enabling or disabling. 


of the Prescaler, and the enabling or disabling of the |RQT 
interrupt line. Bits 2, 1, 0 of the CMCR selects one of the fol- 
lowing Counter/Timer operating modes: 


Disable Counter/Timer 

One-Shot Interval Timer 
Free-Run Interval Timer 

Pulse Width Measurement 

Event Counter 

One-Shot Pulse Width Generation 
Free-Run Pulse Generation 
Retriggerable Interval Timer 


Bit 7 of the CMCR determines whether the IRQT line is enabled 
or disabled for generating an interrupt request on the IRQ output 
to the processor. When bit 7 is set to a 1, IRQT is enabled so 
that an Underflow Flag (UF bit in the Status Register set to a 

1) will cause IRQ to be asserted. When bit 7 is set to a 0, the 
IRQT is disabled. 





Bit 4 of the CMCR enables or disables the Prescaler. A 4:In bit 
4 causes the Prescaler to be enabled so that the Counter/Tlmer 
is operating in a divide-by-sixteen mode, When this bit is a 0, 
the Prescaler is disabled So that the Counter/Timer is operating 
in a normal (divide-by-one) mode. 


FA6500, 
R6S00/* 
OR 


R65C00 
MICROPROCESSOR 
FAMILY — 





Status Register—Bit 7 of the Status Register (SR) reports the 
Counter Underflow Status. This underflow (UF) bit is set to 1 
when the counter decrements past $0000. When this bit is set, 
the IRQ output will be asserted if the Interrupt Enable bit in the 
CMCR is set to a 1. The status of the Port A Interrupt Fiag 
(IRQA) and Port B interrupt Flag (IRQB) are reported in bits 6 
and 5, respectively, in addition to belng reported in the ISCA 
and ISCB registers. 


INTERFACE SIGNALS 


The PIAT interfaces to the R6500, R6500/* or the R65C00 
microprocessor family with a reset line, a g2 clock line, a read/ 
write line, an interrupt request line, three register select lines, 
two chip select lines, and an 8-bit bidirectional data bus. 


The PIAT interfaces to the’ peripheral devices with four interrupl/ 
controt lines and two 8-bit bidirectional data buses. A Counter/ 
Timer input/output line (CNTR) also interfaces to a peripheral 
device. 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 4 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CSo, CS2) 


The PIAT is selected when CSO is high and CS2 is tow. These 
two chip select lines are normally connected to the processor 
address lines either directly or through external decoder circuits. 
When the PIAT is selected, data will be transferred between the 
data lines and PIAT registers, and/or peripheral interface lines 
as determined by the R/W, ASO, RS1 and RS2 lines and: the 
contents of Control Registers A and B. 


Note: 


-An R65C24 PIAT may be installed in a circuit in place of 
an R65C21 PIA subject to chip select considerations. 
Since the R65C21 has a CSt input and the R65C24 does 
not have. a CS1 input, the PIAT will be selected in the 
same addresses as the PIA and maybe more depending 
upon external address decoding circuitry. 


‘PERIPHERAL 
DEVICE 
A 


PERIPHERAL 
DEVICE 
B 


Figure 4. Interface Signals Relationship 
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RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C24 PIAT. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (92) 


The Phase 2 Clock Signal (62) is the system clock that triggers 
all data transfers between the CPU and the PIAT. $2 is: gen- 
erated by the CPU and is therefore the synchronizing signal 
between the CPU andthe PIAT. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIAT and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIAT. A low on the 
R/W line allows ‘data to be transfered from the CPU to the 
peripheral devices from the PIAT. oO 


REGISTER SELECT (RSO, RS1, RS2)_ 


Two of the Register Select lines (ASO, RS1), in conjunction with 
the Control Registers (CRA, CRB): Data Direction Register access 
bits select various R65C24 registers to be accessed by the 
CPU. RSO and RS1 are normally connected to the micropro- 


cessor (CPU) address output lines. Through control of these. 


lines, the CPU: can write directly into. the Control Registers 
(CRA, CRB) the Data Direction Registers (DDRA, DORB) and 
the Peripheral Output Registers (ORA, ORB). In addition, the 
processor may directly read the. contents of the Control Regis- 
ters and the Data Direction Registers. Accessing the Peripheral 
Output Register for the purpose of reading data back into the 
processor operates differently on the ORA and the ORB reg- 
isters and therefore are shown separately in Table 2. 


Note: 


In order to address the ORA and ORB Registers in the 
PIAT, Register Select line RS2 must be high. When RS2 
is low, thé Counter/Timer registers are selected (as shown 
in Table 3). . 


Table 2. Peripheral Register Addressing 


Data 
Direction 
Register 

Control 





Register Operation 


RAW =L 
Read PIBA |Write ORA 


Read DDRA | Write DDRA 


Write CRA 
: 
Read CRB 
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Register Select line RS2 determines whether the. addressed 
registers are part of the Counter/Timer or the peripheral Port A 
and Port B sections of the PIAT. When RS2 is high, the Port A/ 
Port B registers shown in Table 2 are selected. When the RS2 
is low, the Counter/Timer registers are selected and operated 
upon as shown: in Table 3. 


Table'3. Counter/Timer Register Addressing 
Register 
Select Lines - Counter/Timer Operation 


nea]asi|asi] w= | @aW=0 
by ek 


L (Read Snapshot | Write Upper Latch 










Register 
Address 
(Hex) 


































Latch (SL) » (UL) 
SL — DO-D7 DO-D7 — UL 
0+ UF C— UF 
Load and Enable 
* Counter ~ 
UL > UC, 


LL LC 


Write Upper Latch 
(UL) 

DO-07 > UL. 

‘Write Lower Latch 
(LL) © 

‘(DO-D7.— LL 

uUC— SL 

Write Counter Control 

Mode Register 
“-, (CMCR) 
DO-D7 — CMCR 












Read Upper _ 
Counter (UC} 
UC — DO-D7 


L | R-]| L |Read Lower 
‘Counter (LC) 


LC +» DO-D7 
Read, Status 


UC — SL 
L H 
Register (SR) | 


SR — DO-D7 — 
INTERRUPT REQUEST LINE (IRQ) 


omens UF, 

Three internal active low Interrupt Request lines (IRQA, IRQB, 
and IRQT) act to interrupt the microprocessor through the: 
external IRQ output. [RQ isan open drain output and is capable 
of sinking 1.6 milliamps from an external source. This permits 
all interrupt request lines to be tied together in a wired-OR con- 
figuration. The A and B in the titles of these internat lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. The T corresponds to the Counter/Timer generated inter- 
rupt request. 





























IRQA and IRQB Lines—These two internal Interrupt Request 
lines are associated with the Port A and Port B sections of the 
PIAT and are controlled by Control Registers CRA and CRB, 
and the Peripherat Control tines CA1, CA2, CB1, and CB2. 


These Interrupt Request lines have three interrupt flag bits. 
which can cause the Interrupt Request line. to go low. These 
flags are bits 6 and 7 in the two Control Registers (CRA, CRB). 
These flags act as the link between the peripheral interrupt sig- 
nals and the mi¢roprocessor interrupt inputs. Each flag has a 
corresponding interrupt disable bit which allows the processor 
to enable or disable the interrupt from each of the four interrupt 
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inputs (CA1, CA2, CB1, CB2). The four interrupt flags are set - 


(enabled) by active transitions of the signal on the interrupt input 
(CA1, CA2, CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an.active transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit O in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
TROA can be disabled by setting bit 3 in GRA to a 0. 





Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral 
Output Register A” operation. This is defined as an operation 
_in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A VO port. A summary of TROQA control is shown 
in Table 3. 


Control of |RQB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 








Also, both bit 6 and bit 7 of CRB are reset by a “Read Peripheral 
B Output Register” operation. A summary of IRQB control is 
shown in Table 4. 





Table 4. IRQA and IRQB Control Summary 
Control Register Bits Action 


CRA-7=1 and CRA-0=1 IRQA goes low (Active) 

| CRA-6=1 and CRA-3=1 — IRQA goes low (Active) 

CRB-7=1 and CRB-O=1 {ROB goes low (Active) 
3=1 


CRB-6=1 and CRB- IRQB goes low (Active) 


Note: 


The flags act as the link between the peripherat interrupt signals 
and the processor Interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


IRQT Line—The internal IRQT line is associated with the 
Counter/Timer and is controlled by the |RQT Enable bit in the 
Counter Mode Control Register and the Underflow Flag in the 
Status Register. A thorough discussion of the functions and 
operation of the [RQT line is given in the Counter/Timer Oper- 
ation section of this product description. 





INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral’ control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 5 summarizes the operation of 
these control lines. 
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CA‘1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control: Register A to a logic 1. 
The active transition can be programmed by setting a “O” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a “1” if it is to be set 
on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
trom a low to a high voltage. 


CA2 can act as a totally independent interrupt or as a peripheral 
control.output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 


These control.register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (CRA, bit 5 = 1),.CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a0 and CRA, bit 3 toa 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc. which make sequential data available on the Periph- 
eral input lines. 


A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple. peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
a O respectively. , 


CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 =. 1, differ somewhat from those of CA2. The pulse output 
oceurs when the processor writes data into thé Peripheral 8 
Output Register. Also, the “handshaking” operates on data 
transfers from the processor into the peripheral device. 
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CA2 INPUT MODE (BIT 5 = 0) CONTROL REGISTER A (CRA): 








































4 3 
CA2 INPUT IRQA2 IRQA IRQA1 IRQA 
MODE SELECT POSITIVE ENABLE POSITIVE. ENABLE 
(=0) TRANSITION FOR IRQA2 TRANSITION _FOR IRQA1 


TROAIROAL 
CONTROL 









































CA2 OUTPUT CA2 CA2 ORA. IRQA1 ROA 
MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 
(=1) CONTROL CONTROL. TRANSITION | FOR IRQAI 















 CA2 TROA/IROAI 
CONTROL CONTROL | 
IRQA1 FLAG 


A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register - 
Aor by RES. : ‘ 
0 No transition has occurred on CA! that satisfies the bit 1 IRQA1 transition polarity criteria. 


Bit 2 OUTPUT REGISTER A SELECT 
1 Select Output Register A. 
0 Select Data Direction Register A. 


Bit? _ IRQA1 POSITIVE TRANSITION a 
1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1. 


Bit 0 IRQA ENABLE FOR IRQA1 
Enable assertion of IRQA when IRQA1 Fiag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 











Bit 6 (RQA2. FLAG : 


1 A transition has occurred on CA2 that. satisfies the bit 4 IRQA2 transition polarity criteria. This flag is cleared by-a read of Output 
Register A or by RES. 
0 No transition has occurred on CA2 that satisfies the bit'4 IRQA2 transition, polarity criteria. 


Bit 5 CA2 MODE SELECT 





0 Select CA2 Input Mode. 
Bit4 _ 1RQA2 POSITIVE TRANSITION 
1 Set IRQA2.Flag (bit 6) on a positive (low-to-high) transition of CA2. 
0 Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition of CA2. 
Bit 3 (RQA ENABLE FOR IRQA2 
4 Enable assertion of IRQA when !RQA2 Flag (bit 6) ‘is set. 
4) Disable assertion of (RQA when IRQA2 Flag (bit 6) is set. 
CA2 OUTPUT MODE (BIT 5 = 1) ‘ 


NOT USED 
Always Zero. 


CA2 MODE SELECT 
Select CA2 Output Mode. 


CA2 OUTPUT CONTROL 


CA2 goes low when a zero is written into CRA bit 3. CA2 goes high when a one is written into CRA bit 3. 
CA2 goes low on the first negative (high-to-low) g2 clock transition following a read of Output Register A. CA2 returns high as specified 
by bit 3. 


CA2 READ STROBE RESTORE CONTROL (BIT 4 = 0) 
CA2 returns high on the next 2 clock negative transition following a read of Output Register A. 
CA2 returns high on the next active CAt transition following a read of Output Register A as specified by bit 1. 








Figure 5. Summary of Control Lines Operation (1 of 2) 
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CB2 INPUT MODE (BIT 5 = 0) CONTROL REGISTER B (CRB) 


(Ee ae ee ae 
IRQB1 IRQB2 CB2 INPUT , 
FLAG FLAG MODE SELECT POSITIVE POSITIVE ENABLE 
(=0) TRANSITION TRANSITION .| FOR IRQB1 


CB2 OUTPUT MODE (BIT 5 = 1) 








CB2 OUTPUT 
MODE SELECT OUTPUT RESTORE POSITIVE ENABLE 
(=1) CONTROL CONTROL TRANSITION FOR IRQB1 


TRQB/IRAB1 
CONTROL 


IRQB1 FLAG 

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. 

No transition has occurred on CB1 that satisfies the bit 1 I[AQB1 transition polarity criteria. 


OUTPUT REGISTER 8 SELECT 
Select Output Register B. 
Select Data Direction Register B. 


1RQB1 POSITIVE TRANSITION 
Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 
Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 


IRQB ENABLE FOR IRQB1 
Enable assertion of TRQB. when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when |RQB1 Flag (bit 7) is set. 








IRQB2 FLAG 

+ A transition has occurred on CB2 that satisfies the bit 4 |RQ62 transition polarity criteria. This flag is cleared by a read-of Output 
Register B or by RES. 

0 No transition has occurred on CB2 that satisfies the bit 4 |RQB2 transition polarity criteria. 










Bit 5 CB2 MODE SELECT 
0 Select CB2 Input Mode. 


Bit 4 IRQB2 POSITIVE TRANSITION 
Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition of CB2. 
i) ‘Set IRQB2 Flag (bit 6) on a negative (high-to-low) transition of CB2. 





Bit 3 IRQB ENABLE FOR IRQB2 
Enable assertion of IRQB when IRQ82 Flag (bit 6) is set. 
Disable assertion of IRQB when IRQB2 Flag (bit 6) is set. 













NOT USED 
Always zero. 









CB2 MODE SELECT 
1 Select CB2 Output Mode. 










Bit 4 CB2 OUTPUT CONTROL 


1 CB2 goes low when a zero is written into CRB bit 3. CB2 goes high when a one is written into CRB bit 3. 
0 CB2 goes low on the first negative (high-to-low) ga clock transition following a write to Output Register B. CB2 returns high as specified 
by bit 3. 


Bit 3 CB2 WRITE STROBE RESTORE CONTROL (BIT 4 = 0) 
1 CB2 returns high on the next ge clock negative transition following a write to Output Register B. 
CB2 returns high on the next active CB1 transition following a write to Output Register B as specified by bit 1. 











Figure 5. Summary of Control Lines Operation (2 of 2) 
2-237 





R65C24 
COUNTER/TIMER REGISTERS 


COUNTER MODE CONTROL REGISTER (CMCR) 


The 8-bit Counter Mode Control Register (CMCR) selects the 
Counter/Timer mode of operation and enables or disables both 
the internal IRQT and the Prescaler. The format of the CMCR 


i 
ies 


iS: 
ae ee 
IRQT Prescaler ' 

| Enabled. €nabled Hor online Mode 









Bi 7 IRQT Enabled 
0 IRQT Disabled 
1 IRQT Enabled 


Bits 6-5 Not used, don’t care value during write. 


Bit 4 Prescaler Enabled 
0 Prescaler Disabled (+1) 
1 Prescaler Enabled (+ 16) 
Bit 3 Not used, don’t care value during write. 


a 
ip 
So 


Counter/Timer Mode 

Mode 0—Disable Counter/Timer 

Mode 1—One-Shot Interval Timer 

Mode 2—Free-Run Interval Timer 

Mode 3—Pulse Width Measurement 

Mode 4—Event Counter 

Mode 5—One-Shot Pulse Width Generation 
Mode 6—Free-Run Pulse Generation 

Mode 7—Retriggerable Interval Timer 


~++-+20000g 
—~—=—2@ ©Oo0o- =$ OO 
—-O--0 - 0-0 


The CMCR can be written into at any time without disabling or 
stopping the Counter/Timer. This allows the Counter/Timer mode 
of operation to be changed while it is still in operation. However, 
selecting Mode 0 disables the Counter/Timer and stops its 
operation. The Prescaler and the IRQT interrupt can also be 
enabled or disabled at any time. The CMCR is written to when 
the register address is 3 and RW is low. 


STATUS REGISTER (SR) 


The 8-bit Status Register (SR) reports the status of two interrupt 
conditions: Counter underflow (IRQT) and Port A interrupt 
(IRQA). The format of the Status Register is: 











UF (IRQT)| IRQA 


Interrupt | Interrupt 
Flag Flag 
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Counter Underflow (UF) Interrupt Flag 
Counter underflow has not occurred. 
Counter underflow has occurred. 


Bit 7 
0 
1 

Bit6 —_IRQA Interrupt Flag 
0 Port A interrupt has not occurred. 
1 Port A interrupt has not occurred. 

Bit 5-0 Not used, always read as shown in register 
figure. 


The Counter underflow (UF),.bit 7, is updated in the same clock 
cycle that an underflow condition occurs on the Counter/Timer. 
The IRQA interrupt flag (bit 6) is updated at the rising edge of 
the next @2 clock immediately following the setting of corre- 
sponding interrupt bits (IRQA1, IRQA2) in the CRA register. 
IRQA is set whenever IRQA1 or IRQA2 is set. The underflow 
bit is cleared whenever the Status Register is read, the Snap- 
shot Latch is read, the UL is written to at register address 0, 
Mode 0 is selected in the CMCR, or a RES occurs. Reading the 
Status Register also clears the IROQA interrupt flag. The Status 
Register is read when the register address is 3 and A/W is high. 








LOWER LATCH (LL). 


The Lower Latch (LL) holds the least significant 8-bits of the 
16-bit latch value. The LL is. written from the data bus (DO-D7) 
when the register address is 2 arid R/W is low..When the LL is 
loaded, the contents of the UC are copied into the Snapshot 
Latch (SL) without affecting the counting operation of the UC. 


UPPER LATCH (UL) 


The Upper Latch (UL) holds the most significant 8-bits of the 
16-bit latch value. The UL is written from the data bus (DO-D7) 
when R/W is low and the register address is either 0 or 1. The 
difference in the two register address functions are: 


Register Address 0 


1. The UL is loaded from DO-D7. 

2. The contents of the Latch (UL and LL) are transferred to the 
Counter (UC and LC, respectively). 

3. The UF bit is cleared in the SR. 

4, The Counter is enabled, i.e., the count in UC and LC is dec- 
remented by one upon detection of a rising edge on either 
@2 or CNTR (depending upon mode selection) as scaled by 
the Prescaler. 


Register Address 1 
1. The UL is loaded from DO-D7. 


2, All other elements of the Counter/Timer are unaffected. 
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LOWER COUNTER (LC) 


The Lower Counter (LC) holds the least significant 8-bits of the 
16-bit counter. 


When the LC decrements below $00, 1 is borrowed from the 
UC to load $FF into the LC. 


The LC is read to the data bus (DO-D7) when the register 
address is 2 and R/W is high. When LC is read, the 8-bit con- 
tents of the UC is transferred to the Snapshot Latch without 
affecting the operation of the counter (i.e., the count-down con- 
tinues without interruption). 


UPPER COUNTER 


The Upper Counter (UC) holds the most significant 8-bits of the 
16-bit counter. The UC is read to the data bus (DO-D7) when 
the register address is 1 and R/Wis high. When the UC is read, 
there is no other effect on the Counter/Timer operation. Counter 
underflow occurs when the LC borrows a 1 from the UC value 
of $00. 


Note: 


When reading the UC directly, the value read can be one 
count too high if the LC value is just above $0000 at the 
start of the read since an underflow in the LC will result 
in decrementing the UC by one count. The Snapshot 
Latch should be read to obtain the UC value corre- 
sponding to the LC value. 


SNAPSHOT LATCH (SL) 


The Snapshot Latch holds the value of the UC corresponding 
to the LC value. The SL is loaded with the value of the UC when 
the LL is written to, or when the LC is read. The SL is read to 
the data bus (D0-D7) when the register address is 0 and R/W 
is high, without affecting the counting operation. When the SL 
is read, the UF in the SR is cleared. Since the SL is loaded with 
the value of the UC whenever the LC is read, an accurate count 
of the total 16-bit counter can be made without the need for 
further calculations to account for delays between the reading 
of the LC and the UC. 


COUNTER/TIMER OPERATION 


The Counter/Timer has eight modes of operation. The Counter/ 
Timer is always either disabled (mode 0) or operating in one of 
the other seven modes as selected in the Counter Mode Control 
Register (CMCR). 


To operate the Counter/Timer, first issue Mode 0 to stop any 
counting in progress due to a previously selected mode, to clear 
the counter underflow bit in the SR and to disable the IRQT 
interrupt. The order of mode selection and latch loading depends 
upon the desired mode. Generally, if a timer mode based on the 
$2 clock rate is to be selected, first select the mode then write 
the timer initialization value to the latch. Write the LL first then 
the UL vatue (to register address 0). When the UL is written, the 
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UL-and LL values are loaded into the UC:and LC, respectively, 
and the counter is enabled. The counter then decrements one 
count for every positive edge {low to high) transition detected 
on the 2 or CNTR input (depending on the selected mode) as 
scaled by the Prescaler. In most modes, each time the counter 
underflows below $0000, the underflow bit is set in the SR, the 
counter reloads to the latch value and the down-counting con- 
tinues. 'f the_UF bit is set when the IRQT is enabled in the 
CMCR, the IRQ output will be asserted to the processor. 


MODE 0—DISABLE COUNTER/TIMER 


The Counter/Timer is disabled (all counting stops), the IRQT 
interrupt (bit 7 in the CMCR) is disabled, and the counter under- 
flow (bit 7 in the SR) is cleared. Mode 0 may be selected at any 
time by selecting Mode 0 in the CMCR or upon RES which 
initializes the CMCR to $00. Selecting Mode 0 in the CMCR 
does not affect any data in the LL or UL, any count in the LC 
or UC, or any data in the SL. 


MODE 1—ONE SHOT INTERVAL TIMER 


The counter counts down once from the latch value at the B2 
clock rate (as scaled by the Prescaler) and sets the UF bit in 
the SR upon underflow. The counter starts when data is written 
to the UL at register address 0, which causes the UL and LL 
values to be loaded into the UC and LC, respectively. When the 
counter decrements below $0000, the UF bit in the SR is set. 
The set UF bit causes IRQ to be asserted if the IRQT Enable 
bit is set in the CMCR. Upon decrementing below $0000, the 
UC and LC are automatically reset to a value of $FFFF and the 
counter continues down-counting. However, the UF bit in the 
SR will not be set again (due to the counter again decrementing 
through $0000) until the UL is again written at register address 
0. The CNTR line is not used in this mode. Figure 6 shows the 
timing relationship for Mode 1 operation. 





Typical Application: Can be used for an accurate time delay. 
such as would be required to control the duration of time to have 
a thermal printer element activated. 


MODE 2—FREE-RUN INTERVAL TIMER 


The counter repetitively counts down at the 2 clock rate, as 
scaled by the Prescaler, and sets the UF bit in the SR each time 
the counter underflows. The counter is initialized to the UL and 
LL values and starts down counting at the clock rate when the 
UL value is written to register address 0. Each time the counter 
decrements below $0000, the UF bit in the SR is set, the counter 
is reloaded with the UL and LL value, and the count-down cycle 
continues. If the IRQT Enable bit is set in the CMCR, IRQ will 
thus be asserted upon each time-out. The CNTR line is not used 
in this mode. Figure 7 shows the timing relationship for Mode 
2 operation. 





Typical Application: Can be used for a timed interrupt struc- 
ture when a hardware focation needs updating at specific inter- 
vals, such as would be required to update a multiplexed display. 
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_ READ | 
SNAPSHOT Soe 
LATCH 





Figure 6. Mode 1—One-Shot Interval Timer Timing 


WRITE 
UPPER LATCH 
(ADDR 0) . 


iRQ 





N + 1 CYCLES 


READ 
STATUS 
REGISTER ae Ne 
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SNAPSHOT ——————°2-————_———— 0 oo = <<< 
LATCH 





Figure 7. Mode 2—Free-Run interval Timer Timing 


2-240 





R65C24 | Peripheral Interface Adapter/Timer (PIAT) 


MODE 3—PULSE WIDTH MEASUREMENT MODE 4—EVENT COUNTER 

The counter counts down from the latch value at the g2 clock CNTR is an input and the Counter/Timer counts the number ot 
rate (scaled by the Prescaler) from the time the CNTR input positive transitions on CNTR. The counter is initially loaded with 
goes low until CNTR goes high to provide a measurement of the UL and LL value when the UL is written to register address 
the CNTR low pulse duration. The counter is loaded with the 0. The counter then decrements one count on the rising edge 
value of the UL and LL upon writing UL to register address 0. of the p2 clock after a rising edge (low to high transition) is 
The counter starts decrementing at the scaled $2 clock rate detected on the CNTR input {as scaled by the Prescaler). The 
when the CNTR line goes low and stops decrementing when maximum rate at which this rising edge can be detected is one- 
the CNTR line returns high. If the counter decrements below half the 2 clock rate. When the counter decrements below 
$0000 before the CNTR line goes low, the UF bit in the SR is $0000, the UF bit in the SR is set, the counter is reloaded with 
set, the counter is reloaded with the UL and LL value, and the the UL and LL value and the operation repeats. Figure 9 shows 
cycle continues down unti! CNTR goes high. Once the CNTR the timing relationship of a Mode 4 operation. 
line has cycled from high to low and back to high, the Counter/ 

Timer will ignore any additional high to low transitions on the Typical Application: Can be used with a timed software loop 
CNTR line. To reinitiate Mode 3, it is necessary to reload the to count external events (i.e., a frequency counter). 


UL by writing to register address 0. Figure 8 shows the timing 
relationships for a Mode 3 operation. 


Typical Application: Can be used to measure the duration of 
an event from an external device. Allows an accurate measure- 
ment of the duration of a logical low pulse on the CNTR line. 






TIMER DOES NOT OECREMENT 






TIMER DECREMENTS 
-1 -2 -3 -4 -5 1 5 Times 





Figure 8. Mode 3—Pulse Width Measurement Timing 


‘COUNTER 
COUNTER DECREMENTED COUNTER | 
DECREMENTED PAST $0000, UF BIT SET DECREMENTED 


AND UC, LC RELOADED FROM UL, LL 


ina 


READ 
SNAPSHOT, —@ ne / Ne 


LATCH 





Figure 9. Mode 4—Event Counter Timing 
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MODE 5—ONE-SHOT PULSE WIDTH GENERATION: 


CNTR is an output which can be pulsed low for a programmed 


time interval. When this mode is selected in the CMCR, the: 


CNTR output goes high (if the UF bit is set) or goes low (if the 
UF bit is cleared). The CNTR line then goes low when data is 
written to the UL at register address 0, which also starts the 
counter. The counter decrements from the UL and LL value at 
the G2 clock rate as scaled by the Prescaler. When the counter 
decrements below $0000, the CNTR output goes. high, the UF 
bit is set in the SR, the counter is reloaded with $FFFF and the 


count-down. continues. Figure 10 shows the timing relationship. 


of Mode 5 operation. 


Note that clearing the UF bit after it is set upon the first timeout 
causes CNTR to go low, in which case CNTR will again go high 
upon the next counter timeout. 


Typical Application: Can be used to hold-off (delay) an external 
hardware event on an asynchronous basis such as disallowing 
a motor startup until certain parameters are met. 


MODE 6—FREE-RUN PULSE GENERATION 


CNTR is an output and the Counter/Timer can be programmed 
to generate a symmetrical waveform, an asymmetrical wave- 
form, or a string of varying width pulses on CNTR. The CNTR 
line is forced low (if high upon mode selection) or remains low 


WRITE 
UPPER LATCH 


(ADDR 0) 
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(if low upon mode selection) when data is written to the UL at 
register address 0 which also starts the counter. The counter 
decrements at the G2 Clock rate as scaled by the. Prescaler. 
When the counter decrements.below $0000; CNTR toggles from 
low to high (or high to low deperiding upon its initial state), the 
counter is reloaded with the UL and LL value and the counter 
continues down-counting. The UF bit in.the SR is set the first 
time the counter decrements past $0000 and is cleared only if 
a new write to UL at register address 0 occurs. Figure 11 shows 
the timing relationship of a Mode 6 operation. 


This mode can be used to generate an asymmetrical waveform 
by toggling the UL and LL with the CNTR high and. low times. 
Immediately after starting the counter with the first CNTR tow 
time, load’ the LL and UL (by writing to register address 1, which 
does not restart the counter) with the CNTR high.time. When. 
the first counter underflow occurs, the counter loads the new 
latch value (ie., the CNTR high time) into the counter and con- 
tinues counting. During the IRQ interrupt processing resulting 
from the first counter time-out, load the LL and UL (at register 
address 1) with the original CNTR low time. Continue to alter- 
nate loading of the high and low time latch values during the 
interrupt processing for the duration of the mode. 


Typical Application: Can be used to supply external, circuitry 
with a software variable clock based upon the system g2 clock 
(e.g., a tone generator for audio feedback). 


UNDERFLOW 


FLAG 
SET 





Figure 10. Mode 5—One-Shot Pulse Width Generation Timing 
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Figure 11. Mode 6—Free-Run Pulse Generation Timing 
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MODE 7—RETRIGGERABLE INTERVAL TIMER 


The Counter/Timer operates as a timer which is retriggered, i.e., 
reinitialized to its starting value, upon detection of a negative 
transition on the CNTR input. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 
0. The counter starts decrementing at the @2 clock rate (as 
scaled by the Prescaler) when a falling edge (high to fow tran- 
sition) is detected on CNTR. The counter is reinitialized to the 
UL and LL value whenever a falling edge is subsequently 
detected on CNTR. ff the counter decrements past $0000 before 
the falling edge is detected, the UF bit is set in the SR, the 
counter is initialized to the UL and.LL value and the count-down 
continues, 





Typical Application: Can be used to monitor signals that should 
be periodic and can interrupt the processor if the signal being 
monitored does not occur within a specified time frame; such 
as a synchronous motor that has fallen out of synchronization. 


PRESCALER 


The Counter/Timer operates in either the divide by one or divide 
by sixteen mode. In the divide by one mode, the counter holds 
from 1 to 65,535 counts. The counter capacity is therefore 1 us 
to 65,535 ys at 1 MHz @2 clock rate or 0.25 us to 16,383 us 
at a 4 MHz @2 clock rate. Timer intervals greater than the max- 
imum counter value can be easily measured by counting under- 
flow flags or IRQ interrupt requests. 


The divide by sixteen prescaler can be enabled to extend the 
timing interval by 16. This provides timing from 1048.56 ms (1 
MHz) to 260.21 ms (4 MHz). The prescaler clocks the Counter/ 
Timer at the G2 clock rate divided by sixteen, except for Mode 
4. In Mode 4, sixteen positive CNTR. edges must occur to dec- 
rement the Counter/Timer by one count. 


INITIALIZING THE COUNTER/TIMER 


The following program segment is one suggested technique for 
initializing the Counter/Timer: 


:Data Definition 


SL = $XXX0 ;Snapshot Latch 

UC = BXXX1 ;Upper Counter 

LC = $XXX2 ;Lower Counter 

SR = $XXX3 ;Status Register 

ULEC = $XXXO :Upper Latch and Enable Counter 

UL = $XXX1 ;Upper Latch ees 

LL = $XXX2_ ;Lower Latch ; 

CMCR = $XXX3 ;Counter Mode Control Register 
;Program 

LDA #$mode0 ;disable Counter/Timer 

STA CMCR’ ;write to mode register 

LDA #$mode" -select mode and Prescaler and 

IRQT enable/disable 
STA  CMCR ;write to’ mode register 
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LDA =#$lovalue lower latch value 

STA LL >write to lower latch 

LDA #S$hivalue ;upper latch value 
ULEC > write to upper latch 


STA 
- ;clear underflow flag, and enable 
counter 


The following instructions is a way to change modes while the 


-Counter/Timer is in operation: 


LDA  #$mode ;select desired mode, except 
ae mode 0 
STA CMCR swrite to mode register 


The change of mode operation will take effect immediately. 
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys- 
tematically stopped by changing to the One-Shot Interval Timer 
mode (Mode 1). The Counter/Timer will then halt operation. 
when the underflow condition occurs, This technique can also 
be used to enable or disable IRQ during program execution. 


READING THE COUNTER/TIMER 


To service an interrupt request, the following sequence can be 


‘used: 
BIT $status ;get underflow flag 
BNE error ;check if flag is set 
LDA = $LC ;get low counter value for overflow 
LDxX $SL :get high counter value for overflow 


;underflow flag is cleared 


By reading the LC and SL, it is possible to determine the amount 
of time between the interrupt request and servicing the interrupt. 


To read a timer value at any time, the suggested technique is 
as follows: 


LDA $LC ;get low counter value 

supper counter transferred to 
snapshot 

‘any miscellaneous code to store 

- ‘value if desired 

get high counter value 


LDA $SL. 


READMRITE TIMING 

CHARACTERISTICS OF PIAT 

Figure 12 is a timing diagram for the R65C24 PIAT during a 
Read operation (input mode). Figure 13 is a timing diagram for 
the PIAT during a Write operation (output mode). Table 5 shows 
the characteristics of the times. shown in Figures 12 and 13. 
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Figure 12. Mode 7—-Retriggerable Interval Timer Timing 
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Figure 13. Read Timing Diagram 
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Figure 14. Write Timing Diagram 


READING THE PERIPHERAL A I/O PORT 


Performing a Read operation with RS1 = 0, RSO = Q and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 
transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and 
output data. The processor must be programmed to recognize 
and interpret only those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is pos- 
sible for the data read by the processor to differ from the con- 
tents of the Peripheral Output Register for an output line. This 
is true when the I/O pin is not allowed to go to a full +2.4V DC 
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when the Peripheral Output register contains a logic 1. In this 
case, the processor will read a 0 from the Peripheral A pin, even 
though the corresponding bit in the Peripheral Output register 
isa. 


READING THE PERIPHERAL B 1/O PORT 


Reading the Peripheral B l/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
it is therefore possible to load down the Peripheral B Output 
lines without causing incorrect data to be transferred back to the 
processor on a Read operation. 
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R65C24 Peripheral Interface Adapter/Timer (PIAT) 
ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbol | Value 
Supply Voltage -0.3 to +7.0 
input Voltage -0.3 tO Vog +0.3 


Output Voltage -0.3 to Veg +0.3 


Operating Temperature 
Commercial 
Industrial -—40 to +85 


Storage Temperature -55 to +150 





*Note: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Vde Exposure to absolute maximum rating conditions for extended 
°C periods may affect device reliability. 























0 to +70 





OPERATING CONDITIONS 


Come eel es 
Ta 


Temperature Range 
Commercial @° to 70°C 
Industrial ~ 40° to +85°C 


DC CHARACTERISTICS 


Veco = 5.0V +5%, Vgg = 0, Ta = T, to Ty, (unless otherwise noted) 


Input High Voltage +2.0 


Input Low Voltage 











Input Leakage Current: 
RW, RES, RSO, RS1, RS2, CSO, CS2, CA1, 
CB1, 42 


Input Leakage Current for Three-State Off pA 0.4V to 2.4V 
DO-D7, PBO-PB7, CB2 §.25V 








Input High Current 
PAO-PA7, CA2 


Input Low Current 
PAO-PA7, CA2 


Output High Voltage 
Logic loan = 200pnA 
PBO-PB7, CB2 (Dartington Drive) loapz = —3.2 mA 











Output Low Voltage 
PAO-PA7, CA2, PBO-PB7, C82 
DO-D7, (RQ, CNTR 


Output High Current (Sourcing) 
Logic 
PB0-PB7, CB2 (Darlington Drive) 





Output Low Current (Sinking) 
PAO-PA7, PBO-PB7, CB2, CA2 
DO-D7, IRQ, CNTR 


Output Leakage Current (Off State): 
IRQ 


Power Dissipation | 7 | to | mW/MHz 


Input Capacitance 
DO-D7, PAO-PA7, PBO-PB7, CA2, CB2, CNTR 10 
RW, RES, ASO, AS1, AS2, CSO, CS2 7 
CA1, CB1, 62 20 
_ 10 


Output Capacitance 

















Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Voc = 5.0V and TA = 26°C. 
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PACKAGE DIMENSIONS 
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ge R65C51 
ASYNCHRONOUS COMMUNICATIONS 


Rockwell INTERFACE ADAPTER (ACIA) 





PRELIMINARY 
DESCRIPTION FEATURES 
The Rockwell CMOS R65C51 Asynchronous Communications e Low power CMOS N-well silicon gate technology 
Interface Adapter {(ACIA) provides an easily implemented, pro- e Direct replacement for NMOS R6S51 ACIA 
gram controlled interface between 8-bit microprocessor-based e Full duptex operation with buffered receiver and transmitter 
systems and serial communication data. sets and modems. ‘ . 
e Data set/modem control functions 
The ACIA has an internal baud rate generator. This feature elim- e Internal baud rate generator with 15 programmable baud 
inates the need for multiple component support circuits, a crystal rates (50 to 19,200) . 
being the only other part required. The Transmitter baud rate e Program-selectable internally or externally controlied receiver 
can be selected under program control to be either 1 of 15 dif- rate 
ferent rates from 50 to 19,200 baud, or at 1/16 times an external e Programmable word lengths, number of stop bits, and parity 
clock rate. The Receiver baud rate may be selected under pro- bit generation and detection 
gram control to be either the Transmitter rate, or at '/ie times e Programmable interrupt control 
the external clock rate. The ACIA has programmable word 
; ‘ e Program reset 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1%, or : 
; e Program-selectable serial echo mode 
2 stop bits. 
e Two chip selects 

The ACIA is designed for maximum programmed control from e 2 or 4 MHz operation 
the microprocessor (MPU), to simplify hardware implementa- e 5.0 Vde + 5% supply requirements 
Ha esd len! lay elas ee easily sie e 28-pin plastic or ceramic DIP 
the R65 's operating mo es and data checking parameters ¢ Full TTL compatibility | 
and determine operational status. ; : ; 

: e Compatible with R6500, R6500/* and R65C00 micro- 


The Command Register controls parity, receiver echo mode, processors 
‘transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 


The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 






The Status Register indicates the states of the IRQ, DSR, and 
DCD lines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 


The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


ORDERING INFORMATION 


Part No.: RE5C51__ 





omn OPM & Wn 


Temperature Range (T, to Ty): 
Blank = 0°C to +70°C 
E = ~40°C to +85°C 


Frequency Range: 








1=1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 
Package: 

C = Ceramic 








P = Plastic Figure 1. R65C51 ACIA Pin Configuration 





Document No. 29651N60 Product Description Order No. 2157 


Rev. 2, February 1984 
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. Figure 2. ACIA Internal Organization 


FUNCTIONAL DESCRIPTION 


A block diagram of the ACIA is presented in Figure 2 followed 
by a description .of each functional element of the device. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, the Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the R/W line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of.bits 3 through 6 in 
the Status Register, if enabled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 


logic. Bits 3 and 4 correspond to the Receiver Data Register full 


and the Transmitter Data Register empty conditions. These con- 
ditions can cause_an interrupt request. if enabled by the Com- 
‘mand Register. 


VO CONTROL 


The I/O Control.Logic controls the selection of internal registers 


in preparation for a data transfer on the internal data bus and 


- the direction ot the transfer to or from the register. 


The registers « are selected by the Receiver Select (RSI, RSO) 
and Read/Write (RW) lines as described later in Table 1. 
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TIMING AND CONTROL 


The Timing and Control logie contrdls: the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 


Timing is controlled by the system #2 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the #2 high period when selected. 


All registers will be initialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state-of the registers following a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 


These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RSO) a and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 


Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are “don't care”. 


The Receiver Data Register holds the first received data bit in 
bit 0 (least significant bit first). Unused high-order bits are “O”. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 


The Status Register indicates the state of interrupt conditions 
and.other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
Tupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4 3 2 1 0 
Interrupt (IRQ) 


No interrupt 
interrupt has occurred 


Data Set Ready (DSR) 
DSR low (ready) 
DSR high (not ready) 


Data Carrier Detect (OCD) 
DCD low (detected) 
DCD high (not detected) 


Transmitter Data Register Empty 
Not empty , 
Empty 


Receiver Data Register Full 
Not full 
Full 


Overrun* 
No overrun 
Overrun has occurred 


Framing Error* 
No framing error 
Framing error detected 


oO wo a oO Ow a Ow 
=o 7F -O0O8fF +08 4207 - OF +0 ~O- 
= iS) w a a a ~“ 


Bit 0 Parity Error* 
0 No parity error 
1 Parity error detected 


*No interrupt occurs for these conditions 
Reset Initialization 


7654393210 
(0 |—|—| 1] 0/0 /o]0 | 
EeSSeuee 


Hardware reset 
Program reset 
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Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 


None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a 0 (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a O (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. AO indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unless bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits Indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Register is read. 
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CONTROL REGISTER 


The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


‘6 5 4 3... 2 1 0 


7 : 
| seh 
se] sen7| sn [seR0 





Bit 7 Stop Bit Number (SBN) 
0 1 Stop bit 
1 2 Stop bits 
1 . 1% Stop bits 


For WL.= 5 and no parity 
1 1 Stop bit 
For WL = 8 and parity 


Bits 6-5 Word Length (WL) 
6 5 No. Bits 
0.69 8 
0. 61 7 
1 0 6 
1 1 5 
Bit 4 Recelver Clock Source (RCS) 
0 External receiver clock 
1 Baud rate 
Bits 3-0 Selected Baud Rate (SBR) 
3 2 4 QO Baud 
0 0 O O- 16x 
0 0 0 1 50 
0 0 1 Oo 75 
0 0 1 1 109.92 
0 1 0 0 134.58 
0 1 0 1 150 
0 1 1 0 300 
0 1 1 1 600 
1 0 0 0 1200 
1 0 O 14. 1800 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19,200 


Reset Initialization 
7654321 -0 


[o{o[o[o[o]oo[o]} Hardware reset (RES) 
L¢]-|-]-]-]-|-]-] Program reset 


2-252 


Asynchronous Communications Interface Adapter (ACIA) 


Selected Baud Rate (Bits 0, 1, 2, 3). 


_These bits select the Transmitter baud rate, which can be at 
144g an-external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 
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Figure 3. Transmitter/Receiver. Clock Circuits 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of '/;. an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 


Word Length (Bits 5, 6) 


These bits determine the word length to be used (5, 6, 7 or 8 
bits). 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 1% stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, and 2 stop bits in all other configurations. 
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COMMAND REGISTER. 


The Command Register controls specific modes and functions. 


7 6 5 4 3 2 1 0 


= ‘i 
prc pce 


Parity Mode Control (PMC) 


Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 

Space parity bit transmitted 
Parity check disabled 


Parity Mode Enabled (PME) 
fe) Parity mode disabled 
No parity bit generated 
Parity check disabled 
1 Parity mode enabled 


Bit 4 Receiver Echo Mode (REM) 
0 Receiver normal mode 
1 Receiver echo mode bits 2 and 3 
Must be zero for receiver echo mode, RATS will 


be low. 
Bits 3-2. Transmitter Interrupt Control (TIC) 
3 2 
0 0 RTS = High, transmit interrupt disabled 
Oo. 861 RTS = Low, transmit interrupt enabled 
1 0 RTS = Low, transmit interrupt disabled 
1 1 RTS = Low, transmit interrupt disabled 
transmit break on TxD 
Bit 1 Interrupt Request Disabled (IRD) 
0 IRQ enabled 
1 IRQ disabled 
Bit 0 Data Terminal Ready (DTR) 
0 Data terminal not ready (C (DTR high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


[o[0]0[0]0/0]0/0| Hardware reset (RES) 
[—-1—10 [0 [0 [0] 0} Program reset 
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Data Terminal Ready (Bit 0) 


This bit enables all selected interrupts and controls the state of. 
the Data Terminal Ready (DTR) line. A 0 indicates the micro- 
computer system is not ready by setting the DTR line high. A 
t indicates the microcomputer system is ready by setting the 
DTR line low. 


Receiver Interrupt Control (Bit 1). 


This bit disables the Receiver from generating an interrupt when 
set to a 1. The Receiver interrupt is enabled when this biti is set 
to a 0 and Bit Oi is set to a 1. 


Transmitter Interrupt Control (Bits 2, 3) 


These bits control the state’ of the Ready to Send (RTS) line and 
the Transmitter interrupt. 


Receiver Echo Mode (Bit 4) 


A 1 enables the Receiver Echo Mode and a 0 enables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Recéiver delayed by one-haif bit 
time. 


Parity Mode Enable (Bit 5). 


This bit enables parity bit generation and checking. AO disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check — 
done by the Receiver (even, odd, or no check). 
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INTERFACE SIGNALS 


Figure 4 shows the ACIA interface signals associated with 
microprocessor and the modem. oe 
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Figure 4. ACIA Interface Diagram 
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MICROPROCESSOR INTERFACE 


Reset (RES) 


During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The 
Status Register is cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one #2 clock cycle 
for a reset to occur, 


Input Clock (92) 


The input clock is the system $2 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 


Read/Write (R/W) 


The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 
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Interrupt Request (IRQ) 


The IRQ pin is an interrupt output from the interrupt contro! logic. 
It is an open drain output, permitting severat devices to be con- 
nected to the common IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


Data Bus (D0-D7) 


The eight data line (DO-D7) pins transfer.data between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. a 


Chip Selects (CSO, CS1) 


The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or through decoders. The 
ACIA is selected when CSO is. high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RS1). ~ 


Register Selects (RSO, RS1) 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. 























Table 1. ACIA Register Selection 
' ‘Register Operation 
es 
L L Read Receiver 
Data Register 
L H_ | Programmed Reset Read Status 
(Data is “Don't Register 
H L Read Command 
Register 
H ‘H_— | Write Control Read Control 
Register Register 





Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 in the Com- 
mand register.and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset. It should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 
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ACIA/MODEM INTERFACE 


Crystal Pins (XTLI, XTLO) 


These pins are normally directly connected to the extérnal 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
in which case the XTLO pin must float. XTLI is the input pin for 
the transmit clock. 


Transmit Data (TxD) 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


Receive Data (RxD) 


The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 


Receive Clock (RxC) 


The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 


Request to Send (RTS) 


The RATS output pin controls the modem from the processor. 
The state of the ATS pin is determined by the contents of the 
Command Register. ° 


CHAR#n CHAAR #n+1 


PROCESSOR 

INTERRUPT PROCESSOR READS STATUS 
(TRANSMIT DATA REGISTER, CAUSES IRQ 
REGISTER EMPTY) TO CLEAR 





Clear to Send (CTS) : 


The CTS input pin controls the transmitter operation. The enable 
state is with CTS low. The transmitter is automatically disabled 
if CTS is high. 


Data Terminal Ready (OTR) 


This output pin indicates the status of the ACIA to the modem.. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit 0 of the 
Command Register. 


Data Set Ready (DSR) 


The DSR input pin Indicates to the ACIA the status of the 
modem. A low indicates the “ready” state and. a high, “not- 
ready.” 


Data Carrier Detect (DCD) 


The BCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it ts not. 


‘TRANSMITTER AND RECEIVER OPERATION 


Continuous Data Transmit 


In the normal operating mode, the interrupt request output (IRO) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 


The processor must then:identify that the Transmit Data Reg-: 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous “MARK” will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. , 


CHAR #42 


CHAR#n+3 


EEE EPREEET BPP-EET BP eee ECR 


PROCESSOR MUST 
LOAD NEW-DATA 

IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS “MARK” 
IS TRANSMITTED 


Figure 5. Continuous Data Transmit 
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_Continuous Data Receive 


Similar to the Continuous Data Transmit case, the normal 
operation of this mode Is to assert {RQ when the ACIA has 
received a full data word. This occurs at about 9/16 point through 
the Stop Bit. The processor must read the Status Register and 


CHAR #n CHAR att. 
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read the data word before the next interrupt, otherwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 


CHAR #n+2 pee 


PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
ALSO, UPDATED 


PROCESSOR READS STATUS 
REGISTER, CAUSES [RO | 
TO CLEAR 





PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL; OTHERWISE, 
OVERRUN OCCURS 


Figure 6. Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 


lf the processor Is unable to load the Transmit Data Register i in 
the allocated time, then the. TxD_line goes to the “MARK” con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 











CHARA tn CONTINUOUS “MARK” 





CHAR #fn+1 ye 
“EEE GEM REECE ists PE) EL 
| 4 CHARACTER __, 
TIME 
PROCESSOR 
INTERRUPT PROCESSOR 
FOR DATA pore forego INTERRUPTS 
REGISTER poo ennan CONTINUE AT 
EMPTY CHARACTER RATE, WHEN PROCESSOR FINALLY LOADS 
PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS 
READS NO DATA IS IMMEDIATELY AND INTERRUPT 
STATUS TRANSMITTED - OCCURS, INDICATING TRANSMIT | 
| REGISTER DATA REGISTER EMPTY 


Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS on Transmitter 


CTS is the Clear-to-Send signal generated by the modem. It is indicates that the Transmitter Data Register is not empty and 
normally low (true state) but may go high in the event of some IRQ is not asserted. CTS is a transmit control line only, and has 
modem problems. When this occurs, the TxD line goes to the no effect on the ACIA Receiver Operation. Figure 8 shows the 
“MARK” condition after the entire last character (including parity timing relationship for this mode of operation. 


and stop bit) have been transmitted. Bit 4 in the Status Register 







CHAR Fn CHAR #n+1 CONTINUOUS "MARK”* 


Fo , TT TET ae fo 

we [a] La, CUS 

a A 
TAG \s NOT ASSERTED 


52) AGAIN UNTIL 
NOT CLEAR-TO-SEND GOES LOW 





CLEAR-TO-SEND 


TTS GOES HIGH, 

INDICATING MODEM 

IS NOT READY TO 

RECEIVE DATA. TxD 

GOES TO “MARK” CONDITION 
AFTER COMPLETE CHARACTER 
IS TRANSMITTED. 


Figure 8. Effect of CTS on Transmitter 
Effect of Overrun on Receiver 


lf the processor does not read the Receiver data Register inthe but the Overrun status bit is set. Thus, the Data Register will 
allocated time, then, when the following interrupt occurs, the contain the last valid data word received and all following data 


new data word Is not transferred to the Receiver Data Register, is lost. Figure 9 shows the timing relationship for this mode. 


CHAR#nh CHAR# n+1 CHAR #n+2 CHARHN+3 


“ ES eae Sd Oe 
. RECEIVER DATA REGISTER 


NOT UPDATED, BECAUSE ~ 
PROCESSOR OID NOT READ 
PREVIOUS DATA, OVERRUN 
BIT SET IN STATUS 

AEGISTER 














PROCESSOR 
INTERRUPT PROCESSOR 
FOR RECEIVER READS 
DATA REGISTER STATUS 
FULL REGISTER 
















PROCESSOR 
DOES NOT 
READ DATA 
REGISTER | 











PROCESSOR DOES 
NOT REAO STATU: 
REGISTER 


OVERRUN BIT SET IN 
STATUS REGISTER 





Figure 9. Effect of Overrun on Recelver 
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Echo Mode Timing 


In Echo Mode, the TxD line re-transmits the data.on the RxD 
line, delayed by 1% of the bit time, as shown in Figure 10. 


SOONG S SOO oe 





1/2 DATA BIT DELAY 





Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 


In Echo Mode, the Receiver operation is unaffected by CTS, . the Receiver Data Register is full in response to an IRQ, so the 
however, the Transmitter is affected when CTS goes high, i-e., processor has no way of knowing that the Transmitter has 
the TxD line immediately goes to a continuous. “MARK” con- ceased to echo, See Figure 11 for the timing relationship of this 
dition. In this case, however, the Status Request indicates that mode... 





CHAR#n CHAR #n+1 CHAR#nt2 CHAR #n+3 


= . ‘ ee - ae -<- 
Fee ERS EE) EP REEE) BEPEEEI ED 










NOT-CLEAR-TO-SEND 


CONTINUOUS “MARK” UNTIL CTS GOES LOW 





Pf) ET 










CTS GOES TO 
“FALSE” CONDITION 












NORMAL 
RECEIVER DATA 
REGISTER FULL 

INTERRUPTS 








Figure 11. Effect of CTS on Echo Mode 
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Overrun In Echo Mode 


If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 


CHAR $n 


RxO ede ; feu |e | Stop] Start Bo] 8 | fen | > | Stop] Stare 8 | | i” [ex] Stop sik Bike ie, 


PROCESSOR 

INTERRUPT PROCESSOR 
FOR RECEIVER DOES NOT 
DATA REGISTER REAO RECEIVER 
FULL DATA REGISTER 


PROCESSOR 
READS OVERRUN OCCURS 
STATUS TxD GOES TO 


REGISTER “MARK™ 
CONDITION 
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“MARK” condition until the first Start Bit after the Receiver Data 
Register is: read by the processor. Figure 12 shows the timing 
relationship for this mode. 


CHAR #x CHAR #x+1 


PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 


INTERRUPT 
FOR CHAR#x 
IN RECEIVER 
DATA REGISTER, 


Figure 12. Overrun in Echo Mode 


Framing Error 


Framing Error is caused by the absence of Stop Bit(s} on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register.can also be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 


RxD B: Stop "Stop B Stop Stop 
(EXPECTED) jes |» | 2 | Set 1 2 [oer 


NOTES: 1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 





Figure 13. 


PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 


Framing Error 
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Effect of DCD on Receiver 


DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop transmitting data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 


NORMAL | 

PROCESSOR 

INTERRUPT pRocEessoA 
INTERRUPT 


GOING HIGH 


AS LONG AS 

DCB Is HIGH, 
NO FURTHER 
INTERRUPTS 
FOR OCD FOR RECEIVER FOR DCD 
WILL OCCUR 
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Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the processor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRG occurs (see Figure 
14), 


CONTINUOUS “MARK” 


/. MODEM 
DELAY 


PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 


| NO INTERRUPT 
WILL OCCUR 
PROCESSOR HERE, SINCE 
INTERRUPT RECEIVER IS NOT 
ENABLED UNTIL 
GOING LOW FIRST START BIT 
DETECTED 


Figure 14. Effect of DCD on Receiver 


Timing with 1%. Stop Bits 


It is possible to select 1% Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 


CHAR#n 


trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 


CHAR # n+1 


Start 112") Tocart 12 
rao fom] Po | ® [Pe] Po | Be [2 | [se a 


LiL. 


PROCESSOR INTERRUPT 
OCCURS HAL FWAY 
THROUGHT THE 1/2 


STOP BIT 








Figure 15. Timing with 14 Stop Bits 
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Transmit Continuous “BREAK” 


This mode is selected via the ACIA Command Register and Note 

SEE oe at eeens hla operating in he Transmit Contnuous “BREAK 
full “BREAK” character will be transmitted, even if the processor modes the (Cis -sauld:/go 1 a high, “the. Tx ‘wall’ be 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 


overridden by the GTS and will go to continuous “MARK” 
at the beginning of the next character transmitted after the 
CTS goes high. 











Stop [Start cieiel PL] =a Bo By, P aR eka 7, [se EGE og Stop] Start ant 


PERIOD DURING 
WHICH PROCESSOR 
— SELECTS 
CONTINUOUS POINT AT WHICH 
“BREAK” MODE PROCESSOR iercHauer 
NORMAL SELECTS TO LOAD 
INTERRUPT NOAM AL TRANSMIT 
TRANSMIT DATA 
MODE 





Figure 16. Transmit Continuous ‘‘BREAK"' 


Receive Continuous “BREAK” 


In the event the modem transmits continuous “BREAK” char- shows the timing relationship for continuous “BREAK” 
acters, the ACIA will terminate receiving. Reception will resume characters. 
only after a Stop Bit is encountered by the ACIA. Figure 17 


CONTINUOUS “BREAK” 


oe ei [=] ] |» | stn Este aarmarnaey, | Stop ‘tsoeuGs ew |» | Stop | Start eoce 


NO INTERRUPT 


% i SINCE RECEIVER Ne 

P NTERRUPTS DISABLED UNTIL AMAL 
TERRACES PROCESSOR INTERRUPT WITH —! " pppoe RECIEVER 
FOR BREAK AND FRAMING ERROR SET. . INTERAUPT 
PECLIVER EVEN PARITY CHECK WILL ALSO 
DATAREGISTER GIVE A PARITY ERROR BECAUSE 
FULL ALL ZEROS (CONTINUOUS BREAK) 

REPRESENT EVEN PARITY. 





Figure 17. Receive Continuous ‘‘BREAK"’ 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 


_— 


. Read Status Register 


This operation automatically clears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 


. Check TRO (Bit 7) in the data read from the Status Register 


No 


If not set, the interrupt source is not the ACIA. 


[e>) 


. Check DCD and DSR 


These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0 (modem 
“on-line”) and they are unchanged then the remaining bits 
must be checked. 


PS 


. Check RDAF (Bit 3) 


Check for Receiver Data Register Full. 


n 


. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 


[>] 


. Check TDRE (Bit 4) 


Check for Transmitter Data Register Empty. 


NN 


. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 


PROGRAM RESET OPERATION 


A program reset occurs when the processor performs a write 
operation to the ACIA with RSO low and RS1 high. The program 
reset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 


a4 


. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 


. The DTR line goes high immediately. 


Nn 


wo 


: Receiver and transmitter interrupts are disabled immediately. 
if FRQ is low when the reset occurs, it _it_ stays low low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 


tS 


. DCD and DSA interrupts are disabled immediately. If IRQ is 
low and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur: 


nn 


. Overrun cleared, if set. 
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MISCELLANEOUS 
1. If Echo Mode is selected, RTS goes low. 


2: If Bit 0 of Command Register is 0 (disabled), then: 


a) All interrupts are disabled, inciuding those caused by 
DCD and OSA transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 


4, In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation simulta- 
neously. This is “full-duplex” mode. 


6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 


7. Précautions to consider with the crystal oscillator circuit: 


a) The external crystal should be a “series” mode crystal. 

b) The XTALI input may be used as an external clock input. 
The uriused pin (EXTALO) must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Voc. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The intemal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 
Control Register, as shown in Table 2. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 
These can be determined by: 


Crystal Frequenc 
Baud Rate = 2 
Divisor 


Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 
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Table 2. Divisor Selection 


Control Divisor Selected Baud Rate Generated Baud Rate Generated 
Register For The With 1.8432 MHz With a Crystal 
Bits Internal Counter Crtstal of Frequency (F) 


16 x External Clock 16 x External Clock 
1.8432 x 106 
36,864 —————-= 50 
36,864 36,864 
1.8432 x 106 
24,576 ———_——-— = 75 
24,576 24,576 
1.6432 x 108 6432 x 106 
16,769 = 109.92 
16,769 769 16,769 
1.8432 x 1.8432 x 10° 
13,704 = 134.51 
13, 43,704 13,704 
1 1.8432 x 106 x 108 
12,288 
12, 42288 12,288 
1.8432 x 1,8432 x 10° 
6,144 
6,144 6,144 
1.8432 x 1.6432 x 10° 
3,072 
3072. 072 3, 072 
1.8432 x 10° .8432 x 108 
1,536 
1 4536 1,536 
1.8432 = 10° .8432 x 106 
1,024 = 1,800 
1, "4024 1,024 
1 1.8432 = 10° x 10& : 
= 2,400 
768 


1.8432 x 10° F 
————— = 3,600 ss 
§12 §12 


1. 1.8432 x 10° x 10 F 
= 4,800 Se te 
384 
1.8432 x 10° F 
= 7,200 a 
256 256 
1.8432 x 108 
1 1 1 #0 192 ———— = 9,600 
192 192 


1.8432 x 10° 8432 x 105 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 


A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 18. 7 


It may be desirable to include in the system a facility for “loop- 
back” testing, of which there are two kinds: 


1. Local Loop-Back 


Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 


2. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, Itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB = high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 
3. Connects transmitter outputs to respective receiver inputs 


(i.e., TxD to RxD, DTR to DCD, RTS to CTS). 


LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 








loop-back operation. In this way, the processor can easily per- 
form local loop-back diagnostic testing. 


Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 


1. Control Register bit 4 must be 1, so that the transmitter clock 
equals the receiver clock. 


2. Command Register bit 4 must be 1 to select Echo Mode. 


3. Command Register bits 3 and 2 must be 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable IRQ interrupt 
for receiver. 


In this way, the system re-transmits received data without any 
effect on the local system. 


MICRO- 
PROCESSOR 

















NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 





2. 


HIGH ON 74157 SELECT INPUT GATES '‘‘B’”’ INPUTS 
TO ‘‘Y’' OUTPUTS; LOW GATES “A” TO "Y”’. 


Figure 19. Loop-Back Circuit Schematic 
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READ TIMING DIAGRAM 


Timing diagrams for transmit with external clock, receive with 

varat ; oct XTLI 
external clock, and IRQ generation are shown in Figures 20, 21 (TRANSMIT 
and 22, respectively. The corresponding timing characteristics CLOCK INPUT) 
are listed in Table 3. 


Table 3. Transmit/Receive Characteristics 








Transmit/Receive 
Clock High Time 


Transmit/Receive 
Clock Low Time 





NOTE: RxD RATE IS 1/16 RxC RATE 








Figure 21. Recelve External Clock Timing 


(ta, t= = 10 to 30 ns) 


“The baud rate with external clocking is: Baud Rate = 








IRQ 
(CLEAR) 





Figure 22. Interrupt and Output Timing 
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AC CHARACTERISTICS 


Parameter 
$2 Cycle Time 
















co ee KC" 





DATA BUS 


VIL 


Figure 23. Write Timing Diagram 


= VIH 
R/W 
«—twerR VA 
«—_—- tcpR——+ tHR 


DATA BUS 





Figure 24. Read Timing Characteristics 
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ABSOLUTE MAXIMUM RATINGS* 
[Parameter Symboi | __vawe | Uni | 


Supply Voltage -0.3 to +7.0 


Input Voltage ~0.3 to Veo +0.3 
Output Voltage = 0.3 to Veg +0.3 


Operating Temperature Ta 

Commercial Oto +70 

Industrial -40 to +85 
OPERATING CONDITIONS 


Supp Vota 
Ta 








Temperature Range 
Commercial 
Industrial 


0° to 70°C 
— 40°C to +85°C 





DC CHARACTERISTICS 


» Asynchronous Communications Interface Adapter (ACIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those Indleated in other sections of this document is not Implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliabillty. 


(Veco = 5.0V +5%, Vgg = 0, Ta = T_, to Ty, unless otherwise noted) 





Output Low Current (Sinking): 
! 


RQ 





DO-D7, TxD, RxC, ATS, DTA, 


Output Leakage Current (off state): IRQ 
Power Dissipation 1 


input Capacitance 


All except $2 
$2 


Output Capacitance 


Notes: 
1. All units are direct current (dc) except for capacitance. 


Parameter Symbol 

Input High Voltage Vin 

Input Low Voltage Vit 

input Leakage Current: man hn 
$2, R/W, RES, CSO, C57, RSO, AS1, CTS, RxD, DCD, DSR 

Input Leakage Current (Three State Off) Its) 
DO-D7 

Output High Voltage: Von 
DOQ-D7, TxD, RxC, ATS, DTR 

Output Low Voltage: VoL 
DO-D7, TxD, RxC, ATS, DTA, IRQ 

Output High Current (Sourcing): lon 
DO-D7, TxD, RxC, RTS, DTR 






Min Typ | Max | Unit | -Test Conditions 

= 

03 [= 

= +1 pA Vin = OV to Voc 
Voc = 5.25V 

+2 yA Vin = 0.4V to 2.4V 
Vee = 5.25V 

24 = Vv Vee = 4.75V 
lLoap 2 100 pA 

—_ — 0.4 Vv Voc = 4.75V 
lLoao = 1.6mA 


















2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Vog = §.0V and TA = 26°C. 
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PACKAGE DIMENSIONS 





28-PIN CERAMIC DIP 28-PIN PLASTIC DIP 


PIN NO. 1 


(1.470) 


VG 


ULE ee 
irae 


(.085) ¢.110) (150) (060) 
: (128) (020) 


(018) (.090) 128) 





2-268 





OR 


Rockwell 


R65C52 


R65C52 






DUAL ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (DACIA) 





~ PRELIMINARY 


DESCRIPTION 


The Rockwell CMOS R65C52 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only-other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 


the microprocessor (MPU) to simplify hardware implementation. 


Dual sets of registers allow independent contro! and monitoring 
of each channel. The DACIA also provides a unique, program- 
" mable Automatic Address Recognition Mode for use in a multi- 
drop environment. 


The Control Register and Status Register permit the MPU to. 


easily select the R65C52’s operating modes and determine 
operational status.. 


The Interrupt Enable Registers (IER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 


The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTA 
and ATS output signals. 


The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 


The Compare Data Registers (CDR) hold the data value tobe used» 


in the compare mode and the Transmit Break Register (TBR) 
commands a Transmit Break and provides for parity/address 
recognition, for Automatic Address Mode. 


The Transmitter Data Register and Receiver Data Register are 
used for temporary data storage of input and output data. 


FEATURES 


e Low power CMOS N-well silicon gate technology 


* Two independent full duplex channels with buffered receivers 
and transmitters. , 


« Data set/modem. control functions 


¢ Internal baud rate generator with 15 programmable baud 
rates (50 to 38,400) 


* Program-selectable internally or externally controlled receiver 
rate 


* Programmable word lengths, number of stop bits, and parity 
bit generation and detection 


¢ Programmable interrupt control 


* Programmable control of edge detect for DCD, DSR, DTR, 
ATS, and CTS 


e Program-selectable serial echo mode for each channel 

* Automatic Addrass Recognition Mode for multi-drop operation. 
° Upto4 MHz host bus operation . 

* 5.0 Vdc +5% supply requirements 

¢ 40-pin plastic or ceramic DIP 

* Full TTL or CMOS input/output compatibility 


¢ Compatible with R6500 and R65C00 microprocessors and 
R6500/* microcomputers. 


ORDERING INFORMATION 


Part Number: 
(R65C52 







Temperature Range (T, to Ty): 
Blank = 0°C to + 70°C 
E = -40°C to +85°C 












Frequency Range: 
2 = 2 MHz 
4 = 4MHz 













Package 
C = Ceramic 
P = Plastic 










Document No. 29651N68 
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*Note: Must be tled to Voc. 


Figure 1, R65C52 Pin Necuiahialion 
INTERFACE SIGNALS 


Figure 2 shows the DACIA interface signals associated ‘with the 
microprocessor and the modem. 


DATA BUS (00-07) 

The DO-D7 pins are eight data lines that transfer data between 
the microprocessor (MPU) and the DACIA: These lines are bidirec- 
tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 






ACIA1 
INTERRUPT 
LOGIC 





1/0 CONTROL 
AND 
R6500, REGISTER 
R65C00, SELECT 
or LOGIC 
RE500/° 


DATA 
‘BUS 
BUFFERS 


ACIA2 
INTERRUPT 
LOGIC 






F 
<4 





ACIA2 BAUD 
| |RATE SELECT 
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REGISTER SELECTS (RSO, RS1, RS2) 

The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
Nal registers. Table 1 shows the internal register select coding and 
identifies the abbreviations (ABBR) used throughout the text for 
each register. 


READ/WRITE (R/W) 

The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line indicates a read 
cycle, while a low indicates a write cycle. 


CHIP SELECT (CS) 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 


RESET (RES) 

During system initialization a low level on the RES input causes a 
RESET to occur. At this time the IER’s are set to $80, the BTR and 
ATS lines go to the high state, the RDR register is cleared, 
the TBR is set to $0F, the compare mode is disabled, and the CTS, 
DCD, DSR flags are cleared. No other bits are affected. 


TRANSMIT DATA (TXD1, TXD2) 

The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equipment (DCE). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 


RECEIVE DATA (RXD1, RXD2) 

The RxD inputs transfer serial NRZ data into the DACIA from the 
DCE, LSB first. Thé receiver baud rate is determined by the baud 
rate generator. 












ACIA1 
REGISTERS 




















AND RxD1 . ACIA 
CONTROL TxD1 CHANNEL 1 
LoGIc 


ACIA1 BAUD 
RATE SELECT 








ACIA2 — 
REGISTERS 





ACIA 
CHANNEL 2 








Figure 2. DACIA Interface Signals 
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CLEAR TO SEND (CTS1, CTS2) 


- The CTS control line inputs allow handshaking by the transmitter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Transmit Shift Register is sent normally. 
Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the CSR reflects the cur- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCD1, DCD2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DCD bit in the ISR. The DCD bit in the CSA 
reflects the current state of the DCD line. 


DATA SET READY (OSR1, DSR2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DSR bit in the ISR. The DSR bit in the CSR 
reflects the current state of the DSR line. 
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REQUEST TO SEND (RTS1, ATS2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
RTS line is reflected by the RTS bit in the CSR. 


DATA TERMINAL READY (DTR1, DTR2). 


These two lines may be used as general purpose outputs. They 


are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
DTR line.is reflected by the DTR bit in the CSR. 


INTERRUPT REQUEST (IRQ1, IRG2) 


The IRQ lines are open-drain outputs from the interrupt control 
logic. 1RQ1 is associated with ACIA1 and IRQ2 is associated with 


_ACIA2. These lines are normally high but go low when one of the 


flags in the ISR is set, provided that its corresponding enable bit 
is set in the IER. 


Table 1.. DACIA Register Selection 


REGISTER SELECT 
LINES 


REGISTER BITS 


CONTROL ANO FORMAT 











= 
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ABBR 





ACCESS 
ware [READ 


{ER INTERRUPT ENABLE: INTERRUPT STATUS 
ISRt REGISTER1 °— | REGISTER 1 
CFRI1 CONTROL STATUS 
SA1 | — REGISTER1 ' REGISTER 1 
FORMAT 
REGISTER 1 ALE 
COMPARE DATA 
REGISTER 1 eR 
Baars TRANSMIT BREAK 
TORI TRANSMIT DATA RECEIVE DATA 
RDR1 REGISTER 1 REGISTER 1 
CFR2 ~~ CONTROL STATUS 
-  §R2 REGISTER 2 . REGISTER 2 
: FORMAT 
CFR2 HeRiGieas INVALID 
COMPARE DATA 
REGISTER 2 ee 
TRANSMIT BREAK 


INVALID 


INTERRUPT ENABLE 
REGISTER 2 


INTERRUPT STATUS 
REGISTER 2 


TRANSMIT DATA RECEIVE DATA 
REGISTER 2 REGISTER 2 


TDR2 
RDR2 
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FUNCTIONAL DESCRIPTION 


Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are déscribed in the 
following paragraphs. ‘ 














IFQ 
ROI LOGIC 
ACIA CHANNEL 1 
DO—D7 bar A er ¢-—» 
TAC» 7 
DA BUFFERS Las 
RSO 
Asi ——— 
AS2 
aw 
ts ee ay) 
FES | 
ACIA CHANNEL 2 
IRQ2 


iRQ 
LoGic 


LEGEND 

COMMON LOGIC 
CONTROL LINES 
8-BIT DATA LINES 


aS: 


OR 
MULTI-BIT CONTROL LINES, 









-—Y 


— 


— 
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= 


C—] 


C=] 


i] 


| 


| 


i) 
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—)] ENABLE, 
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acai 
Coa 


a REGISTER 
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INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low. 
when conditions are met that require the attention of the MPU. 

There are two registers (the Interrupt Enable Register and the 

Interrupt Status Register) involved in the control of interrupts in 

the DACIA. Corresponding bits in both registers must be set to 

cause an IRQ. 
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Figure 3. DACIA Block Diagram 
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DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 


bus to the system data lines. When R/W is low and CS is low, data: 


is brought into the DACIA from the system data bus. Table 2 sum- 
marizes the Data Bus Buffer states. 


Table 2. Data Bus Buffer Summary 


Control Stans 


Read Mode — Output Data 
TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 








© Bit 0 is the leading bit to be transmitted. 


e Unused data bits are the high-order bits and are ‘don’t care” 
for transmission. 


*® Write-only register. 


The Receive Data Register is characterized in a similar fashion 
as follows: 


e Bit 0 is the leading bit received. 

e Unused data bits are the high order bits and are ‘'0” for the 
receiver. 

¢ Parity bits are not contained in the Receive Data Register, 
but are stripped off after being used for external parity check- 
ing. Parity and all unused high-order bits are ‘‘0”’. 

e Read-only register 


Figure 4 shows an example of a Parity Mode single transmitted 
or received data word. In this example, the data word is format- 
ted with 8 data bits, parity, and two stop bits. Figure 4 also shows 
a single character transmitted or received in Address/Data Mode. 
In this example, the address or data word is 8 bits, there is no 


PARITY MODE 


PARITY STOP 
BIT BITS 


ADDRESS/DATA MODE 








Figure 4. Typical Character 


2-273 


Dual Asynchronous. Communications Interface Adapter (DACIA) 


parity bit, and there are two stop bits. The 10th bit (normal parity 
bit) is an address/data indicator. A 1 means the 8 bits are an 
address and a 0 means the 8 bits are data.- 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 5 
shows the three possible clock configurations. 


Crystal (XTALI, XTALO) 


These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTLI pin may be driven with an externally 


‘generated clock in which case the XTALO pin must float. 


Receiver Clock (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for external clock. Figure 15 shows timing 
considerations for RxC. 


Transmitter Clock (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for external clock. Figure 16 shows tim- 
ing considerations for TxC. 


Note. 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must 
be left open (floating). 


Clock Out (CLK OUT) 


This output is @ buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 







15-20 pF 
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Figure 5. DACIA Clock Generation 
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CONTROL-AND FORMAT REGISTER (CFR) 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/TBR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1, the 
CFR operates as a Formal Register. 


Control Register (CFA Addressed with Bit 7 = i 


NO. 
po rawcon STOP | ECHO BAUD RATE SELECTION 
BITS 


Bit 7 Control or Format Register 
0 Control Register 






Bit 6 ‘TBR/CDR 
1 Access the Transmit Break Register (TBR) 
0 Access the Compare Data Register (CDR) 


BS Number of Stop Bits 
1 Two stop bits - 
0 One stop bit 


Bit 4 Echo Selection (ECHO) 
1 Echo activated 
0 Echo deactivated 


Bits 3-0 Baud Rate Selection 
1 Baud Rate 


38400 ©: 
External TxC and RxC Clocks 


a aes owonse sw nr Qqgoeoaeooo09n”ecw 
—=—-2- 429423 000 08 DTAd0d0nN 
srz2o00+00+-+00++00 
-o+-:0+0+0+710+:;0+-0-00 

_—* 

ao 

So 

Oo 
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Format Register (CFR Addressed with Bit 7 = 1) 








6 5 
NUMBER 
ills SELECTION | ENABLE | CONTROL | CONTROL 
Bit 7 Control or Format Register 
1 Format Register 
Bits 6-5 Number of Data Bits Per Channel 
6 5 No. Bits 
0 0 5 
0 1 6 
10 7 
11 8 
Bits 4-3 Parity Mode Selection 
43 Selects 
0 0 Odd Parity 
0 1 Even Parity 
1 0 Mark Parity 
11 Space Parity 
Bit 2 Parity Enable 
1 Parity as specified by bits 4-3 
0 No Parity 
Bit 1 DTR Control 
1 DTR high 
0 DTR low 
Bit 0 RTS Control 
1 RTS high 
0 RATS low 


INTERRUPT ENABLE REGISTER (JER) 


The Interrupt Enable Register (IER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the IER with bit 7 set to a 0 and every bit 
set to a t that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a 0 is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will 
disable all IRQ source bits, but writing $FF to the IER will enable 
all IRQ source bits. A hardware reset (RES) clears all IRQ 
source bits to the 0 state. Bit assignments for the [EA are as 
follows: 


7 
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INTERRUPT STATUS REGISTER (ISR) 


rhe Interrupt Status Register (ISR) is a read-only register that 
dentifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
sorresponding IRQ source condition has occurred in the DACIA. 
3it 7 identifies if any of the |RO source status bits have been set 
n the ISR. 





tor | cTs | DGD | DSR |PaRITY asics RDA 
EMPTY | TRANS | TRANS | TRANS | ERROR | 527 | FULL 


Bit 7 Any Bit Set 
1 Any bit (6 through 0) has been set to a 1 
0 No bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 A positive or negative transition has occurred on 
CTs 
0 No transition has occurred on CTS, or ISR has 
been Read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 A positive or negative transition has occurred on 
DCD 
0 No transition has occurred on DCD, or ISR has 
been Read 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, or ISR has 
been Read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been Read 
Bit 1 Frame Error, Overrun or Break (FRM OVR 
BRK) 
1 A framing error, receive overrun, or receive 
break has occurred 
0 No error, overrun, break has occurred or ADA 
has been Read 
Bit 0 ’ Receive Data Register Full (RDR FULL) 
1 Shift register data has been transferred to 
Receive Data Register 
0 Receive Data Register has been Read 
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CONTROL STATUS REGISTER (CSR) 


The Control Status Register (CSR) is a read-only register that pro- 
vides I/O status and error condition information. The CSR is nor- 
mally read after an IRQ has occurred to determine the exact 
cause of the interrupt condition. 





ee ee 
FRAMING |TRANS| CTS DcD DSR | REC DTA RTS 


Bit 7 Framing Error 
1 A framing error occurred in receive data 
0 No framing error occurred, or the RDR was 
Read 
Bit 6 Transmitter Underrun (TRANS UNDR) 
1 Transmit shift ragister is empty and TDRE bits 
in IER and ISR are set 
0 A write to the TDR has occurred 
Bit 5 CTS Status 
1 A low-to-high transition occurred on CTS line 
A high-to-low transition occurred on CTS line 
Bit 4 OCD Status 
1 A law-to-high transition occurred on DCD line 
A high-to-low transition occurred on DCD line 
Bit 3 DSR Status 
1 A low-to-high transition occurred on DSR line 
A high-to-low transition occurred on DSR line 
Bit 2 REC Break 
1 A Receive Break has occurred 
0 No Receive Break occurred, or RDR, was read 
Bit 1 DTR Status 
1 A low-to-high transition occurred on DIA line 
0 A high-to-low transition occurred on DTR line 
Bit 0 RTS Status 
1 A low-to-high transition occurred on ATS line 
0 A high-to-low transition occurred on ATS line 
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TRANSMIT BREAK REGISTER (TBR) 


The DACIA has two Transmit Break Registers which are write- 
only registers. Only two bits of these registers are used; one dur- 
ing the Receive mode to command a Transmit Break and the 
other to provide for Parity/Address recognition. Writing a 1 to bit 1 
of the TBR causes a continuous Break to be transmitted by the 
‘ACIA associated with the register. Writing a 0 to this bit allows 
normal transmission to resume. Writing a 1 to bit 0 of the TBR 
commands the value of the Parity bit to be sent to the Parity Error 
bit (bit 2 of the ISR). Writing a 0 to this bit allows normal Parity 
Error recognition tobe in force. When an RES is received by the 
DACIA, both of these bits are reset to 0. The bits format for the 
TBR are as follows: 





2 ee a 


7 6 5 4 3 
TRANS | PAR/ 
ee . BRK | ADDR 





Bits 7-2. Not used (don’t care) 
Bit 1 Transmit Break (TRANS BRK) 
1 Transmit continuous Break until disabled 
0 Resume normal transmission 
Bit 0 Parity/Address Recognition (PAR ADDR) 
1 Send value of parity tolISR bit2 
0 Return to normal Parity Error recognition mode 
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COMPARE DATA REGISTER 


The Compare Data Register (CDR) isa write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the RDAF bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the RDFF bit is set. The receiver will now operate normally 
until the CDR is again loaded. 


SUMMARY OF REGISTERS 


Table 3 shows the control and status registers associated with 
the DACIA in a single summary table. Each of the ACIA’s has its 
own set of these seven registers. 


OPERATION 


The following paragraphs describe ten modes (or conditions) of 
operation of the DACIA. The modes described are: 
e Continuous Data Transmit 

¢ Continuous Data Receive 

* Transmit Underrun Condition - 

e Effects of CTS on Transmitter 

e Effects of Overrun on Receiver 

* Eché Mode Timing’ 

¢ Framing Error 

¢ Transmit-Break Character 

e Receive Break Character 

¢ Automatic Address Recognition 


Table 3. Control and Status Registers Format Summary 


REGISTER BIT NUMBERS 


‘a 
PARITY. 
ERROR 
REC 
BREAK STATUS 


_ CLEAR/SET 
BITS 


ANY 
BIT 
SET 


FRAMING TRANS CTs 
ERROR UNDR STATUS 
ie) 


NUMBER OF PARITY 
DATA BITS SELECTION 


NOT USED 





PARITY DTA RTS 
ENABLE CONTROL | CONTROL 


COMPARE BITS (ADDRESS RECOGNITION) 





| RecisTeR | | RES | 


INTERRUPT 
ENABLE $80 
REGISTERS 


INTERRUPT 
STATUS 
REGISTERS 
STATUS 

REGISTERS | 


RTS ; 
STATUS 


.| CONTROL 
REGISTERS 
AND 
FORMAT 
REGISTERS 


BAUD RATE SELECTION 


TRANSMIT 
BREAK SOF 
REGISTERS 


COMPARE 
DATA 
REGISTERS 


TRANS PAR/ 
BRK ADDA 
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CONTINUOUS DATA TRANSMIT When the MPU writes a word to the TDR the TDRE bit is cleared. 


In the normal operating mode, the TDRE bit in the ISR signals In order to maintain continuous transmission the TDR must be 
the MPU that the DACIA is ready to accept the next data word. loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set tionship between IRQ and TxD for the Continuous Data Transmit 
in the IER. The TDRE bit is set at the beginning of the start bit. mode. 


CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR fn + 3 


~leTy Le feTod [odode Lele le) Dl Ts Ls fele) [le dal 


START Hd jSTART STOP, START STOP| START STOP) 
| __| 1 \ 


IRQ 


\ PROCESSOR MUST 
LOAD NEW DATA 
PROCESSOR PROCESSOR IN THIS TIME 
INTERRUPT READS INTERVAL OTHERWISE, 
(TRANSMIT DATA ISR, CAUSES CONTINUOUS ‘‘MARK”’ 
REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED 








Figure 6. Continuous Data Transmit 


CONTINUOUS DATA RECEIVE 




















Similar to the continuous data transmit mode, the normal receive stop bit. The processor must read the RDR before the next stop 
mode sets the RDRF bit in the ISR when the DACIA has received bit, or an overrun error occurs. Figure 7 shows the relationship 
a full data word. This occurs at about the 9/16 point through the between IRQ and RxD for the continuous Data Receive mode. 
CHAR #n CHAR an +1 icici ee #n +2 CHAR #n + 3 
= “Sao i eee 
feted, Lele Te] [ede foo [ede Ty Ly fee Te) 
START ie START a7 START sro START sror 
IRQ 
| es} 
IRQ PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT PROCESSOR MUST READ 
PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS 
AND FRAMING ERROR ISR, CAUSES TIME INTERVAL, OTHERWISE 
UPDATED ALSO IRQ TO CLEAR OVERRUN OCCURS 





Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION flag is set. This conditton persists until the TDR is loaded with a 
If the MPU is unable to load the TDR before the fast stop bit is new word. Figure 8 shows the relation between IRQ and TxD for 
seni, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition. 


CHAR #n CONTINUOUS ‘‘MARK’’ CHAR #n + 1 CHAR paeeesie aioe +2 


vo Te Le fede) [ToT | 


Stor) START a | START STOR START 


iRQ | | | ll | I] 
k 


f WHEN PROCESSOR FINALLY LOADS 
PROCESSOR NEW DATA, TRANSMISSION STARTS 
INTERRUPT PROCESSOR READS IMMEDIATELY AND INTERRUPT 
EON GATA GRGERRUN BIT ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT 
EMPTY SET DATA REGISTER EMPTY 











Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF CTS ON TRANSMITTER 


The CTS control line controls the transmission of data or the hand- in the shift register continues to be sent but any word in the TOR 
shaking of data to a “‘busy”’ device (such as a printer). When the is held until CTS goes tow. At the high-to-low transition the CTS bit 
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of 1RQ, 
on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter. 


the TDRE bit in the ISR from becoming set. The word currently 








NEXT CHARACTER [S SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
ete ee #n CHAR #n + 1 HAS ALREADY LOADED NEW DATA, 
CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW DATA. 


ee ESO 
"By. wlP ys Lt fefe] pele] y PS nexr rt Ly feet 


noe START STop| CHARACTER START 


iS NOT SENT - 
TDRE IS NOT SET HEN PROCESSOR 


MPU FINALLY LOADS 
CLEARS NEW DATA, 
IRQ AGAIN TRANSMISSION STARTS 


ind \ IMMEDIATELY AND 
~~ ‘ 


* INTERRUPT OCCURS, 
CTs INDICATING TRANSMIT 
ina DATA REGISTER EMPTY 





















CLEAR-TO-SEND 


Figure 9. Effects of CTS on Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 


If the processor does not read the RDA before the stop bit of the ing data is lost. The receiver will return to normal operation when 
next word, an overrun error occurs, the overrun bit is set in the the RDR is read. Figure 10 shows the relation of |RQ and RxD for 


ISR, and the new data word is not transferred to the RDR. The the effects of overrun on the receiver. 
RDA contains the last word not read by the MPU and all follow- ‘ 

















joe ee #n CHAR #n + 1 CHAR #n + 2 Pmbeialeaoee #n +3 
a doce STOP | START = START | | START 
PROCESSOR ~~ \ CHAR #n + 2 
INTERRUPT MPU DOES MPU READS IRQ. 
FOR RECEIVER NOT READ ISA CHAR #n + 1 
DATA REGISTER RDR. OVERRUN CLEARS IRQ iS LOST 
FULL BIT SET 








Figure 10. Effects of Overrun on Receiver 


ECHO MODE TIMING 


In the Echo Mode, the TxD line re-transmits the data received on underflow flag would be set and continuous Mark transmitted. If 
the RxD line, delayed by 1/2 of a bit time. An internal underrun Echo is initiated, the underflow flag will not be set at end of data 
mode must occur before Echo Mode will start transmitting. In nor- and continuous Mark will not be transmitted. Figure 11 shows the 
mal transmit mode if TDRE occurs (indicating end of data) an relationship of RxD and TxD for Echo Mode. 










END OF 
STOP START STOP START STOP DATA 


LS BET ST) TZ 
a 
Trill Teele) LT) 


STOP START STOP START STOP 
iF ECHO MODE, 
NO UNDERFLOW, 


THEREFORE NO 
CONTINUOUS MARK 

















Figure t1. Echo Mode Timing 
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FRAMING ERROR 


Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 12 shows the relation- 
data. The framing error bit is set when the RDPF bitis set. Subse- ship of IRQ and RxD when a framing error occurs. 
quent data words are tested separately, so the status bit always 





i, STOP STOP START STOP STOP START 
2 1 2 
Ae pe. | P | 80/8: | 8 |B] BBs | 86] F | 
(EXPECTED) Bo 
na STOP START ica [ee START 
ne BiG CSCACSCS CAC CS EARN 
(ACTUAL) : : 





IRQ 






“MISSING 


NOTES: 1. FRAMING ERROR DOES NOT 
STOP 


INHIBIT RECEIVER OPERATION. PROCESSOR 
; . BIT INTERRUPT, 
2. IF NEXT DATA WORD IS OK, FRAMING 
FRAMING ERFOR IS. CLEARED. ERROR 


BIT SET 





Figure 12. Framing Error 


TRANSMIT BREAK CHARACTER 


A Break may be transmitted by storing a value of $00 in the IER. transmission may resume. At least one full word time of Break 
After storing zero in the IER the Break is transmitted immediately, will be sent regardless of the length of time between starting and 
Care should be exercised so that a character in transmission is stopping the Break character. Figure 13 shows the relationship 
not disturbed inadvertently. The Break level lasts until other than of IRQ and TxD for a Transmit Break character. 


$00 is stored in the IER at which time a stop bit is sent and 








Tytler yy SOU AC CICn ‘PPh Cel 


Saaeleae STOP | START TOP START elOr START 


PERIOD DURING 


WHICH PROCESSOR on ye 
— SELECTS POINT AT WHICH 


CONTINUOUS SAOCESSOR PROCESSOR 
“BREAK” MODE SELECTE INTERRUPT 
NORMAL NGHMAL TO LOAD 


MODE DATA 





Figure 13. Transmit Break Character 
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2ECEIVE BREAK CHARACTER 


n the event that a Break character is received by the receiver, 
he Break bit is set. The receiver does not set the RDAF bit and 
‘emains in this state until a stop bit is received. At this time the 





SToP | 


IRQ 


| 


PROCESSOR 
INTERRUPT 

FOR 

RECEIVER 

DATA REGISTER 
FULL 






CONTINUOUS ‘BREA 


wo Tey BET, Lata, asta 


START baal 


PROCESSOR 
INTERRUPT 
WITH BREAK AND FRAMING ERROR BIT SET. 
EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
ERROR BECAUSE ALL ZEROS (CONTINUOUS 
BREAK) REPRESENT EVEN PARITY. 


K"’ 


a ES PaO 
Le 
START 
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next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 











NO INTERRUPT 


SINCE RECEIVER. NORMAL 
INTERRUPTS DISABLED UNTIL RECEIVER 
FIRST STOP BIT INTERRUPT 


Figure 14. Receive Break Character 


AUTOMATIC ADDRESS RECOGNITION 


The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
“wake-up” it’s CPU for every character sent down the network 
by the master. The end result is that the CPUs on the communica- 
tions net are constantly being interrupted for the mundane task 
of address recognition. 
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To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until! the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 
characters). When all data has been received by the slave, it’s 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 
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GENERATION OF NON-STANDARD BAUD RATES These can be determined by: 


Crystal Frequency 
Divisor 


Divisors 


The internal counter/divider.circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
- Register, as shown in Table 4. 


Baud Rate = 


Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. inthis case, XTALI (pin 3) 
Generating Other Baud Rates must be the clock input and XTALO (pin 4) must be a nonconnect. 


By using a different crystal, other baud rates may be generated. 


Table 4. Divisor Selection 


Control 
Register Divisor Selected - Baud Rate Generated Baud Rate Generated 
Bits For The With 3.6864 MHz With a Crystal 
_ Internal Counter Crystal of Frequency (f) 


ae a es Sea eS 






TxC/16 = Baud Rate or RxC/16 = Baud Rate 
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}+—_____-__—_—_—_—16 CLOCK PULSES ———-____________-> 


[x xox TRANSFER DATA TO SHIFT REGISTER 





Figure 15. DACIA External Clock Timing — Recelve Data 








j}~__—_—_———_—— 16 cLock PuLsEs ——___—__—_+| 


TxC 










INTERNAL 
+ 16 
TcO 









TRANSMIT DATA 


Figure 16. DACIA External Clock Timing — Transmit Data 
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AC CHARACTERISTICS | 
(Voc = 5.0V +5%, Vss = OV, Ta = T, to Ty) 


READ/WRITE TIMING 


Characteristic 


RW, RSO-AS2 Valid to CS Low 
(Setup Time) : 


G5 Low to R/W, RSO-RS2 
(Hold Time) 


DO0-D7 
DATA OUT 





DACIA Read Cycle Waveforms 


RSO-RS2 


RW 


DO-D7 
DATA IN 





DACIA Write Cycle Waveforms 
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TRANSMIT/RECEIVE TIMING 
Characteristic 


Transmit/Receive Clock Rate tocy 
Transmit/Receive Clock High Time 


Transmit/Receive Clock Low Time 
XTALI to TxD Propagation Delay 











XTALI to IRQ Propagation Delay 


———-+ 





CTS, DCD, DSR to IRO tot 


IRQ Propagation Delay (Clear) 








ATS, DTA Propagation Delay 


Note: 
1. All times are in nanoseconds. 











RTS, OTR 











DACIA Transmit/Receive Timing 
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ABSOLUTE MAXIMUM RATINGS* 







































0 to +70 
—40 to. +85 


—56 to +150 


Commerciat 
Industrial 










Parammoter [ Symbol | Unit “NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
Supply Voltage operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Citput Vohage Exposure to absolute maximum rating conditions for extended 
. 2 (eas! Ore periods may affect device reliability. 
Operating Temperature °C 











Storage Temperature 


OPERATING CONDITIONS 


_ Parameter 





5V+5% 





Temperature Range | - 
Commercial 0° to 70°C 
_ Industrial —40°C to +85°C 


Test Conditions 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 





Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Leakage Current 
R/W, RES, RSO, RS1, RS2, AxD, CTS, DCD, DSA, Rxc, 





Vin = OVto Voc 
Vec = 5.25V 


: Vin = 0.4V to 2.4V 
+2 Veo = 5.25V 





TxC, CS 






















Input Leakage Current for Three-State Off. Irs) 
D0-D7 pA 
Output High Voltage Vou +2.4 V Veco = 4.75V 
D0-07, TxD, CLK OUT, ATS, DTR ‘| 15 lloap = - 100 pA 
Output Low Voltage VoL +0.4 v Voc = 4.75V 
DO-D7, kD, CLK OUT, RTS, DTR lloap = 1.6mA 
Output Leakage Current (Off State) lorr Voc = 5.25V 
IRQ : : * +2 ; £10 pA Vout = 0to2.4V 
Power Dissipation | P | -. | 
Input Capacitance Cw 
Except XTALI and XTALO 
XTALI and XTALO 
Output Capacitance | Cor | —- | 


Notes: 
1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Voo = 5.0V and Ty, = 25°C, 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 
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A 


Rockwell 


R6265 


R6265 


MICRO FLOPPY DISK 
CONTROLLER (MFDC) 





PRELIMINARY 


DESCRIPTION 


The R6265 Micro Floppy Disk Controller (MFDC) interfaces up 
to four Sony microfloppy and floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including 2-80, 8080A, 8085A, 
8086, and 8088. The MFDC simplifies the systern design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(FDD) interface. Control signals supplied by the MFDC reduce 
the number of. components required in external phase locked loop 
and write precompensation circuitry. ‘Memory-mapped registers 
containing commands, ‘status and data simplify the software inter- 
face. Built-in functions reduce the software overhead needed to 
contro! the FDD interface. The MFDC provides full compatibility 
with the single- and double-density formats recommended. by 
Sony. Corporation as well as the ability to read the IBM 3740 
single-density (FM) and 18M System 34 double-density (MFM) 
formats. 


The MFDC interfaces directly to the synchronous microproces- 
sor bus and operates with &-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA made, the CPU 
need only load the command into the MFDC and all data transfers 
occur under DMA control. The R6265 is directly compatible with 
the Z8410/~PD8257 Direct Memory Access Controller (DMAC). 
In non-DMA. mode, the MFDC generates an interrupt to the CPU 
indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the MFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the MFDC’status 
information while four additional status registers provide result 
information to the CPU following each controller command. The 
Data Register (DA) stores actual disk data, parameters, controller 
commands and FDD status information for use by the CPU. 


The R6265 executes 15 separate multi-byta commands: 


Read Data Specify 
Write Data Format a Track 
Read Deleted Data Scan Equal 


Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 


Scan High or Equal 
Scan Low or Equal 
Sense Interrupt Status 
Sense Drive Status 


Document No. 29651N77 
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FEATURES 


* Address mark detection circuitry 

@ Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

* Compatible with Sony recommended format in both single-and 
double-density recording formats 

e Reads standard IBM formats 

° Reads and writes In same format as NEC uPD7265 | for Sony 
microfloppy and floppy disk drives 


Programmable data record lengths: 128, 256, 512 or 1024 


bytes/sector 

e Multi-sector and multi-track transfer capability — 

* Controls up to four floppy disk drives 

* Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis, data 
in the processor's memory with data read from the disk 

« Data transfers in DMA or non-DMA mode 

¢ Parallel seek operations on up to four drives 


¢ Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/8OBOA/8085A, 8086, and 
8088 


e Alternative to NEC »PD7265 

* Pin, software, and electrically compatible with the R6265 
® Single phase 8 MHz Clock 

« Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number 
R6265 


CLK Frequency 
8B MHz 


Temperature Range 
0°C to 70°C 


Package: 
C = Ceramic 
P = Plastic 


Product Description Order No. 2174 
March 1984 





R6265 _. Miero Floppy Disk Controller (MFDC) 
























| FDD 
OAC. = SERIAL 







ASYNCHRONOUS ' - DATA 
_BUS WE | INTERFACE 
INTERFACE PS0-PS1 


RADY 
IDX 
we/Ts 

FLT/TRKO - 
‘LCT/DIR 
FR/STP 



















DMAC RW/SEEK . FDD 
INTERFACE ms STATUS. 
—— INTERFACE 
HD 
uso 
usi 
MFM 





Figure 1. MFDC Input and Output Signals 


PIN DESCRIPTION INT—Interrupt Request. This active high output is the interrupt 

request generated by the MFDC to the CPU. INT is asserted upon 
Throughout this document signals are presented using the terms completion of some MFDC commands and before a data byte 
active and inactive, or asserted and negated, independent of is transterred between the MFDC and the data bus (in the Non- 
whether the signal is active in the high-voltage state or low- DMA mode). 


voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. ca 
RD—Read. This active low input defines the data bus transfer 
‘as a read cycle. When low, the data transfer is from the MFDC 


BUS INTERFACE to the data bus. 

DO-D7—Data Lines. The bidirectional data lines transfer data a 

between the MFDC and the 8-bit data ‘bus. WR—Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 

CLK—CLOCK. The clock is a TTL compatible 8 MHz square to the MFDC. 

wave signal. 


RAST—RESET. This active high input places the MFDC in the 


idle state and resets the output lines to the floppy disk drive DIREGS MEMORY ACCESS CONTROLLER 

(FDD) to the tow state. (DMAC) INTERFACE 

oe Select. The MFDC is selected when the cs input DACK—DMA Acknowledge. The: DMA transfer acknowledge 

is low. - signal is a TTL compatible input generated by the DMA controller 

(DMAC) ‘controlling the MFDC. The DMA cycle is:active when 

A0—Data/Status Register Select. This input selects the Data DACK ° low and the MFDC is performing a DMA transfer. 

or Status Register for reading from or writing to. When AO = 

high, the Data Register is selected and the state of RD or WR DRQ—Data DMA Request. The transfer request signal.is a TTL 

determines whether itis aread (RD = low) or awrite (WR = low) compatible output generated by the MFDC to request a data 

operation. When AO = low, the Status Register i is selected. This transfet operation under control of the DMAC (in the DMA mode). 

register may only be read (RD = low); the state WR = low is The request is active when DRQ = high. The signal is reset 
“invalid when the Status Register is selected. inactive when DMA Acknowledge (DACK) is asserted (low). . 
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TC—Terminal Count. This input signal is issued to the MFDC 
when the DMA transfer for a channel is complete. The signal 
is active high concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 





FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used: to sample data from 
the FDD. 


vCO—Varlable Frequency Osclilator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and ROW 
from being generated until valid data is. detected: from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
tate to the FDD. The.data rate is 500 KHz in the: FM mode (MFM 

= low) and 1 MHz Inthe MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both ox and data bits. 


WE—Write Enable. This output signal enables the Write. Data 
into the FDD when. high. 


PSO-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal! Himes as ‘follows: 


Preshift See ee 
Write Pracompensation Status 


Normal 
Late 
Early 
Invalid. 


0 = Low, 1 = High 
FDD STATUS INTERFACE 







RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the MFDC. 


iDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize MFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low; the: Read/Write mode is commanded; 
when RW/SEEK-< is high, the Seek mode is commanded. 


tow | Reaalirie [WR FT, LCT FA 
a Oe 
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WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 


_high indicates the ‘media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed Input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
over track zero. 


LCT/DIR—Low Currenv/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head Is to be positioned over the inner tracks and the LCT/DIA 
is high when the head Is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault.Reset/Step. A multiplexed output to the FDD. 
in the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FA pulse is issued at the beginning of each read . 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


 HDL—Head Load. An active high output to notify the FDD that 


the read/write head should be loaded (placed in contact with the 


. Media). A.low level indicates the head should be unloaded. 


vec 
RW/SEEK ~ 
LCT/DIR 
FR/STP 
HDL 
RDY 
WP/TS 
FLT/TRKO 

| PSO 
PS 


OnNnoanewn = 


WDA 
uso 
ust 
HD 
MFM 
“WE 
vco 
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‘HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One Is selected when HD = = high and 
Head Zero is selected when HD = low. 


USO-US1—Unit Select. Output signals for floppy disk drive 
selection as follows: 


pa Disk 
pa Select 





MFM—MFM Mode. eas signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM’ = high and 
the FM mode when MFM = low. 

“VCC—Power. +5V dc. 


GND—Ground (Vgg). 


a) 
BUFFERS. 


‘CONTROL | 


"24 
_ 
6 
ig 
z 
ui 


MFDC REGISTERS 


The MFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Maln Status Register 
(MSR) contains the status information of the MFDC, and may 
be accessed at any time. The 6-bit Data Register, consisting of 
several registers ina stack.with only one register presented to 
the data bus ata time, stores data, commands, parameters and 
FDD status Information. Bytes of data are read out of, or written 
into, the Data Register In order to initiate a command. or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the MFDC. The other Status Registers 
(STO, _ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines now 
many of the Status Registers will be read. 


SERIAL 
‘READ 
‘CONTROL 


CONTROL 


‘WP/TS 
DRIVE FLT/TRKO 


CONTROL z <—— INTERFACE 





CONTROL LCT/DIR 


> FR/STP 
“> RW/SEEK 
> HOL 

HD 

US1 

MFM 





" Figure:2. R6265 MFDC Block Diagram 
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The relationship between the status/data registers and the WR, 
RD and AO signals is shown below. 


ditegal 
_ ‘Read Main Status Register 
Illegal . 


Illegal 
Read trom Data Register 
Write into Data Register 





Table 1 shows each of the status registers used by the MFDG 


and each bit assignment within the individual registers. Table 2— 


defines the. symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2 


REGISTER DEFINITIONS: 


Main Status Register (MSR) 








The Main Status Register (MSR) contains the status information: 


ofthe MFDC, and must be read by the processor before each . 


byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase: The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and ROM getting set or reset is 
12 yS. For this reason, every time the MSR is read the processor 
should wait 12 us. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (MFDC Busy) goes 
low is also 12 ps. 


The DIO and RQM timing chart is shown in Figure 3. 


MSR 
7 RQM —Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 

MSR 


6 DIO —Data Input/Output. 
‘0 Data transfer is from system ta the Data Register. 
1 Data transfer is from Data Register to the system. 


SR 
5 EXM --Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 

1 Execution phase started. — 
MSR = 

4 CB —Controller (MFDC) Busy. | 

0 MFDC is not busy, will accept a command. 

1 MFDC is busy, will not accept a command. 
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MSR _ 
3 -D3B. —Floppy Disk Drive (FDD) 3 Busy. | 
0 FDD 3 is not busy, MFDC will accept read or write 
command. : 
1 FDD 3 is busy, MFDC will not accept read or write 
command. 
MSR 
2 D2B --FDD 2 Busy. 
0 FDD 2 is not busy, MFDC will accept read or write 
command. 
1 FDD 2 is busy, MFDC will not accept read or write 
command. 
MSA 
1 DIG —FDD 1 Busy. 
0 FDD 1 is not busy, MFDC will, accept: read or write 
command. 
1 FDD 1 is busy, MEDC will not accept read or write 
command. 
MSR 
0 DOB —FDD 0 Busy. 
0 FDD 0 is not: busy, MFDC will accept read or write 
command. 
1 ‘FDD 0 is busy, MFDC will not accept read ‘or write 
command. 


Status Register 0 (STO) 








The Status Register 0 (STO) as weil as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
manid executed determines which status registers are used and 
may be read.. — 


STO 

7 6 Ic —Interrupt Code. 

Qa. 0 Normal Termination (NT). Command was properly exe- 
, cuted and completed. 

01 Abnormal Termination (AT): Command execution was 


; started,.but was not successfully completed. 
1 0. Invalid Command (IC). Received command was invalid. 


11 Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 

STO 


5 SE  —Seek End. 
0 Seek command is not completed. . 
1 Seek command completed by MFDC. 


“STO 
4 EC —Equipment Check. 
0 Noerror. | 
1 Eithera fault signal i is received from the FDD or the track 
0-signal failed to occur after 256 step pulses (Recalibrate 
Command). 
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Table 1. MFDC Status Register Bit Assignments 
Bit Number - 


Main Status Register (MSR): 


Status Register 0 (STO) 





Status Register 1 (ST1) 
Status Register 2 (ST2} 
Status Register 3 (ST3) 








Table 2. command Symbol Description 

















| Symbot_ | Name | Description : a 

| AO —si|s Address Line AO Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 
| D | Dae The data pattern which is going to be written into a sector. . 
&bit data bus, where DO is the least significant data line and D7 is the most significant data line. 
When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


EOT End of Track The final sector number on a track. During read or write operation, the DDFDC Stops data transfer 
; after reading from or writing to the sector equal to EOT. 
ae — | 


The length of Gap 3. During read/write commands this value determines the number of bytes that-the 
Gar Sag stay low after two CRC bytes. poi the Format a Track command it determines the size of - 
| H —s|-Head Address Head number 0 or 1, as specified in ID field. oo 

| HD(H) | Head A selected head number 0 of 1 which contrals the polarity of pin 27. (H = 

3 

Me = = | Satis MeN ee] When MF = 0, FM mode is selected; and when MF = 1, MFM mode is selected. 


Gael “Multi-Track "When MT = 1, a multi-track operation is to be performed. After finishing a readiwrite. operation onside 


0, the DDFDC will automatically start searching for Sector 1 on side'1. 


TN | BytesSectr Cd The number of data bytes written ina sector, - See ey ee 

| ND ——'| NonDMAMcde When ND = 1, operation is in the Non-DMA ere when ND = 0, operation is in the DMA mode. _ 

A new track number, which will be reached as a result of the Seek command. Desired head position. . 

The track number at the completion of Sense Interrupt Status command. Present head Position. 

| R —_—_—si|-~Record (Sector) The sector number to be read or written. 

Elther read (R) or write (W) signal. a wt : , ‘ 

The number of sectors per track. ; a Z 

a Skip Deleted Data Address Mark. - : af 
eee 1 earner Tire The stepping rate for the FDD ‘ to 16 ms in 1 ms increments). Stepping rate eppics to all drives 

: aw | (F = 1 ms,E = 2ms, etc) 


. Status 0 . | Four registers which store the status information after a command has been executed. This Information ; 
Status 1 is available during the result phase-after command execution. These registers should not be confused 
Status 2 with the Main Status Register (selected by AO = low). STO-ST3 may be read only after a command has | - 
Status 3 been executed and: contain information relevant to that particular command. 


/ _STP Sector Test Process — During a Scan.command,‘if STP = 01, the data in contiguous sactors is compared byte by byte with data 
; sent trom the processor a DMA controller); and if STP. = 02, then alternate sectors aré read and 
compared. - 


Se ean The current/selected track number of the medium (0-255). 
| uso,ust | US1 A selected drive number (0-3). 










































HD in all command words). 
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STO 
3 NR  —Not Ready. 
0 FDD is ready. 
1 FDD is not réady at issue of read or write command. 
If a.read or write command is issued to side 1 of a single- 
sided drive; this bit is also set. 


HD —Head Address. (At. Interrupt). 
‘Head Select 0. 
Head Select +. 


us —-Unit Select. (At Interrupt). 
FOD 0 selected. 
FDD 1 selected. 
FDD 2-selected. 
FDD 3 selected. 





-—End of Track, 

0 No error. a 

1 MFDC attempted to access a sector beyond the last. 
sector of a track, 


7 EN. 


STt. _ 
6 —Not Used. Always Zero. 
ST1 
5 “DE —Data Error. 


0 No error. 
1 MFDC detected a CRC error in ID field or the Data field. 


$T1 
4 OR. —Over Run. 
0 No error. 
1 MFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


ST1 
3 —Not Used. Always Zero. 
ST1. 
2 ND —No Data. 


0 “NO error. 
1, 3: possible errors. 


1. MFDC cannot. find sector specified in ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 


2. MFDC cannot read ID field without an error during 
Read 1D command. 


3. MFDC cannot find starting sector during execution of 
Read a Track command. 
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ST1 
1. NW —Not Writable. 
0 No error. 
1 MEDC detected a write protect signal.from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 
ST1.. 
'Q MA  —Missing Address Mark. 
0 No error. ' 
“1 2 possible errors. 


1. MFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. MFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Status Register 2 is 
also set. : 


Status Register 2 (ST2) _ 





ST2 a 
7 —Not Used. Always Zero. 
$T2 
6 CM —Control Mark. 
0 -No error. 
1 MFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained 
a Data Address Mark during execution of a Read Deleted 
Data command. 
$T2 
5 DD —Data Error in Data Field. 


0 No error. 
1 MFDC detected a CRC error in the Data field. 


ST2 
4 WT ~—Wrong Track. 
i) No error. 
1, Contents of T on the disk is different from that stored 
in IDR: Bit is related to ND (Bit 2) of Status Register 1. 


‘ST2 


3 ‘SH Sean Equal Hit. 
0 No ‘‘equal’’ condition during a scan command. 


1 .“Equal’ condition satisfied during a scan command. 
ST2 

2 SN —Scan Not Satisfied. 

0 No error. 

1 MFDC cannot find a sector on the track which meets the 


scan command condition. 





1 BT —Bad Track. 

0 Noerror. — 

1 Contents of T on the disk is different from that stored 
in the IDR and T = FF: Bit is related to ND (Bit 2) of 
Status Register 1. 


ST2 
o MD —Mlissing Address Mark in Data Fleid. 
0 No error. 


1 MFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the. disk. 


Status Register 3 (ST3) 


[ee ae eee eee ee te: | 
| Fur | we | Rov | Tako] ts | HD | ust | Uso | 


Status Register 3 (ST3) holds the. results of the Sense Drive Status 
command. 


ST3 
7 +=*FLT —Fault. 
0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signat from the FDD is high. 


ST3 
6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD Is low. 


Write Protect (WP) signat from the FDD is high. 


a 


ST3 
5 RADY —Ready. 
0 Ready (RDY) signal from the RDD is low. 
1 Ready (RDY) signal from the FDD is high. 
ST3 


4 TRKO —Track 0. 
0 Track 0 (TRKO) signal from the FDD Is low. 
1 Track 0 (TRKO) signal is from the FDD is high. 


ST3 

3 TS _ —Two Side. 
a) Two Side (TS) signal from the FDD is low. 
1 Two ‘Side (TS) signal from the FDD is high. 


ST3 
2 HD —Head Select. 
) Head Select (HD) signal to the FDD is low. 
1 Head Select (HD) signal to the FDD is high. 
ST3 | 


1 uSsi —Unit Select 1. o 
0 Unit Select 1 (US1) signal to the FDD is low. 
1 Unit Select 1 (US1) signal to the FDD is high.. 


0 USO $—Unit Select 0. 
0 Unit Select 0 (USO) signal to the FDD is low. 
1 Unit Select 0 (US1) signal to the FDD is high. 
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COMMAND SEQUENCE 


The MFDC is capable of performing 15 different commands. [Each 
command is initiated by a multi-byte transfer of data from the 
system. After command execution, the result of the command may 
be a multi-byte transfer of data back to the system. Because of 
this multi-byte transfer of information between the MFDC and the 
system, each command consists of three phases: 


Command Phase—The MFDC receives all information 
required to perform a particular operation from the system. 


Execution Phase—The MFDC performs ‘the instructed 
operation. 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the. system. 


The bytes of data sent to the MFDC to form a command, and 
read out of the MFDC in the result phase, must occur in the order 
shown for each command sequences. That is, the command code 
byte must be sent first followed by the other bytes in the specified 
sequence. All command bytes must be written and all result bytes 
must be read in each phase. After the last byte of data in the 
command phase is received by the MFDC, the execution phase 
starts. Similarty, when the last byte of data is read out in the result 
phase, the command is ended and the MFDC is ready to accept 
a new command. A command can be terminated by asserting 
the Terminal Count (TC) signal to the MFDC. This ensures:that 
the processor can always get the MFDC's attention even if the 
command in process hangs up in an abnormal manner. _ 


COMMAND DESCRIPTION. 


READ DATA 
A command set of nine bytes places the MFDC. into the. Read 


. Data mode. After the Read.Data command has been raceived 


the MFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector nurnber (R) stored in the ID Register (IOR) matches. 
the sector number read from the disk, the MFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read aperation from the current sector, 
the MFDC increments the Sector Number (R) by one, and the 


- data fromthe next sector is read and output to. the data bus. This 


continuous read function is called a ‘Multi-Sector Read Opera- 


- tion.” The Read Command terminates after reading the last data 


byte from sector R when R = EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a high 
Terminal Count (TC) signal. TC should be issued at the same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the MFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CAC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter-. 
minates the Read Data command and sets bits 7 and 6 in-STO 
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to 0. The amount of data which can be handled with a single 
command to the MFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number of Bytes/Sector) values. Table 3 
shows the transfer capacity. , 


The multi-track function (MT) allows the MFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 


When N = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the MFDG 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL Is not sent to the 
data bus. The MFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
- and should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 

‘ is.considérable when disk contents are copied from one drive 
to-another. x 


If the MFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R); then the MFDC sets the 
No Data (ND) flag in Status Register 1 (ST1).to.a 1, sets Status 
Register 0 (STO) bits 7 and 6 to O and 1, respectively, and 
terminates the Read Data command. 


After reading the 1D and Data fields in each sector, the MFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field); the MFDC sets the Data Error. (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a.CRC error occurs in the Data field, sets bits’7 and 6 in STO 
to 0 and 1, respectively, and. terminates the command. 
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If the MFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the MFDC reads all the data 
in the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the MFDC skips the sector 
with the Deleted Data Address Mark and reads the next sector. 
The CRC bits in the deleted data field are not checked when 
SK = 1. 


During disk data transfers from the MFDC to the system, the 
MFDC must be Serviced by the system within 27 ys in the FM 
mode, and within 13 xs in the MFM mode, otherwise the MFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
MFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the vatues for Track 
Number (T), Head Number (H), Sector Number (A), and Number 
of Data Bytes/Sector (N), when the processor terminates the 


‘command. 


Command Phase: 


jeme| 7 [e[s[«[sj?[ se 
C1 [wr wr [exfofofs [+] 
SMESCSEAC CCC 
: 

























End of Track (EOT) 
Gap Length (GPL) 
fo | Data Length (DTL) 





Table 3. MFDC Transfer Capacity 


Multl-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read* 
(MT) (MF) (N) (Bytes/Sector) (Number of Sectors) from Disk 
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(128) (16) = 2,048 16 at Side 0 
(256) (16) = 4,096 or 16 at Side 1 
(128) (32) = 4,096. : 
(256) (32) = 8,192 ipevele 
(256) (9) = 2,304 9 at Side 0 
(512) (9) = 4,608 or 9 at Side 1 
(256) (18) = 4,608 
(512) (18) = 9,216 iene 
(512) (5) = 2,560 5 at Side 0 
(1024) (5) = 5,120 or 5 at Side 1 
(612) (10) = 5,120 
(ood 1) = 10200 
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Command Phase !D 








Final Sector Transferred 
to/from Data Bus 


Table 4. MFDC Command Termination Vaiues 


‘Micro Floppy Disk Controller (MFDC) 


Result Phase ID 


Data Bytes 
(N) 


EqualtoEOT. 


Notes: 


1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Result Phase: ; 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


T : 










cas 
aed 
rz 
a 
| 5 
| 6 | 


WRITE DATA 


A command set of nine bytes places the MFDC in the Write Data 
mode. After the Write Data command has been received the 
MFDC loads the head (if it is unioaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, Ri, N) 
loaded during the. command.match the four bytes of the ID field 


from the disk, the MFDC transfers data from the data bus to the. 


disk Data field. 


After writing data into the current sector, the MFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector..Tha MFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO.bits 7 and.6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. , 


The command can also be terminated by a high on Terminal 
Count (TC). If TC is sent to the MFDC while writing into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO-bits 7 and 6 are set to 0 and the 
command is terminated. 


The MFDC reads the ID field of each sector and checks the CRC 
bytes. If the: MFDC detects a read error (incorrect CRC) in one 


Less than -EOT snes 5. 
_ ewateoT Sd; fe td 


rack Number (T) 7 ; 
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of the ID fields, it terminates the Write Data command, sets the 
DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to O and 
1, respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: — 


¢ Transfer Capacity 

* End of Track (EN) flag 

* No Data (ND) flag 

* Head Unload Time (HUT) interval . 


* 1D information when the processor terminates command. 


(see Table 4) 
e Definition of Data Length (DTL) when N = 0 and when N: # 0 


inthe Write Data mode, data transfers from the data bus to the 
MFDC must occur within 27 ys in. the FM mode, and within 13 ys 
in the MFM mode. If the time interval between data transfers 
is longer than this, then the MFDC terminates the Write Data 


command, sets the Over Run (OR) flag in ST1 to a 1, and sets 
-bits 7 and 6 in STO to O and 1, respectively. 


Command Phase: 


Track Number (T) 


[4 | Head Number) 
se _ i 
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Resuit Phase: 


Status Register 0 (STO) : 


Status Register 1(ST1) F 


ett 
re 
| 8 | Stetus Register 2872) 
Ea 
| 5 | 
Eas] 












Head Number (H) 
Sector Number (RA) 
Number of Data Bytes per Sector (N) 





WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 





Track Number (T) . 
| 4 | Head Number (H) o 
5 | Sexier Number) C= 
[6 | Number of Date Byes per Sector) | 
pe | Gap tena ery id 
(9 | datatnon ory SS 








Result Phase: ; 
Pz | StausResiserseT) = 
[3 | SausreaserzeTa 






| 5 | Head Number (H) 
| 6 | Sector Number (R) pee 
Number of Data Bytes per Sector(N) 







READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the MFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the MFDC skips the 
sector with the Data Address Mark and reads the next sector. 


Track Number (T) - 


Track Number (T) : 
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Command Phase: 










SM ESESESECIC CCC 
3 [eek Namie) 
4 | Hena Nimer ey 
| Sector Number 
6 _[ Number of ata aves per Sear 
7 
Te] 







End of Track (EOT) 
Gap Length (GPL) 
‘Data Length (DTL) 






Result Phase: 


Status Register 0 (STO) 
Status Register 1.(ST1) 
















Number of Data Bytes per Sector (N) 


2S TS: 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the MFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 


If the MFOC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The MFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 toa 1 if there is no match. 


If the MFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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omunaid Phase: 













Track Number (T) ~ 


an 
5 _| Sector number) 
[5 _| Numer of ont ayiea per Soot 
7 [encarta 
i 
i 


Result Phase: 














READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The MFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no-proper 1D Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in ST1 is ‘set to a 1, and if no data is 
found then the ND flag’in ST1 is also set a 1. Bits 7 and 6 in 
STO are set to 0 and 1, respectively and the command is 
terminated. 


During this command there is no data transfer between MFDC 
and the data bus except during the result phase. 


Command Phase: 


(aw Jeet 7[e[s{sfet2] + |e | 
paar Pie so aL alo | ao 
ee ERE wES 


Result Phase: 






aa Status Register 0 (STO) — 
| 2 | Status Register 1 (ST1) 
a | Status Register 2 (ST2) 


| 4 | Track Number (T) | 


| 5 | Head Number (H) 
| 6 | Sector Number (R) 
Number of Data Bytes per Sector (N) 





_ Status Register 0 (STO) : 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is datected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded per 
the format recommended by Sony Corporation. The particular 
format written is also controlled by the values of Number of 
Bytes/ Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor.during the 
command phase. The Data field is filled with the data oe 
stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the MFDC. 
The type of data request depends upon the Non-DMA flag (NO) 
tn the Specify command. In the OMA mode (ND = 0), the MFODC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the MFDC asserts Interrupt 
Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, If desired. 


The processor must send new values for T, H, R, and N to the 
MFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus,. 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the MFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to 0. 


If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the MFDC sets the Equipment Check (EC) flag 
in STO to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and6 
of STO to be set to O and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 








Number of Bytes per Sector fo 


; 4 | Sectors per Track (ST) « 
| 5 | Gap Length (GPL) 
fp 6 [ data Patem CS 








Table 5. Micro Floppy Disk Sector Size Relationship 


Sector Size 
Bytes/Sector 








1. Values of ST and GPL are hexadecimal. 


Result Phase 
1 





_ Status Register 0 (STO) Be 








2 
| 


7 Number of Data Bytes per Sector (N)* 





*The ID information has no meaning in this command. 


SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The MFDC compares.the data, and 
looks for a sector of data which meets the conditions of Depp 
= Daus, Depp = Deus. OF Depp = Daug (D = the data pattern 
in hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. 
After a whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP — R), 
and the.scan operation is continued. The scan operation con- 
tinues until one of the following events occur: the conditions 
for scan are met (equal, low or equal, or high or equal), the 
last sector on the track is reached (EOT), or TC is received. 


Status Register 1 (ST1) 





No. of Data 
Bytes/Sector 


2. In MFM made the MDFC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 
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Gap Length 
(GPL)! 
Format 

Command 


No. of 
Sectors/Tracks 








If conditions for scan are met, the MFDC sets the Scan Hit (SH) 
flag in ST2.to a 1,-and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as 
specified by R) and the last sector on the track (EOT), then 
the MFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 
1, and terminates the command. The receipt of TC from the 
processor or DMA controller during the scan operation will 
cause the MFDC to complete the comparison of the particular 
byte which is in process, and then to terminate the command. 
Table 6 shows the status of bits SH and SN under various con- 
ditions of scan. 


lf SK = 0 and the MFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last 
sector of the track, sets the Control Mark (CM) bit in ST2 to 
a 1 and terminates the command. If SK = 1, the MFDC skips 
the sector with the Deleted Data Address Mark, sets the CM 
flag to a 1 In order to show that a Deleted Sector has been 
encountered, and reads the next sector. 


When either the STP sectors are read (contiguous sectors = 
01, or alternate sectors = 02) or MT (Multi-Track) is set, the 
last sector on the track must be read. For example, if 


STP = 02, MT = 0, the sectors are numbered sequentially 1 


through 26, and the scan command starts reading at sector 
21. Sectors 21, 23, and 25 are read, then the next sector (26) 
is skipped and the Index Hole is encountered before the EOT 
value of 26 can be read. This results in an abnormal termina- 
tion of the command. If the EOT had been set at 25 or the scan- 
ning started at sector 20, then. the scan command would be 
completed in a normal manner, 
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Scan Equal 





Table 6. Scan Status Codes 


i Status Register 2 , 
















Drop = Deus 
Drop # Deus 






During a scan command data is supplied from the data bus for SCAN LOW OR EQUAL 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available Command Phase: 


from the data bus in less than 27 ys (FM mode) or 13 us (MFM 
mode). If an OR occurs, the MFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 





Pex Px [x efx Pro | usr [os 
es 
4 [Hoa Number 
5 [ sector umber) 
[e_| Number ot Daa ayes per Secor A) 
ae 
ab 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 











SCAN EQUAL 


Command Phase: 


Gap Length (GPL) 
Sector Test Process (STP) 





Result Phase: 





Result Phase: 









| 1 | Status Registero(sT) == sw ss 
a Status Register 1 (ST1) 


a Status Register 2 (ST2) 
| 4 | Track Number ) . 






| 8 | Head Number (H) . 
| 6 | Sector Number (R) 
Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 


Command Phase: 











aT] 
refx [x [x Pe] x pro [usr [us| 
[3 [Track Number) 
a [reas Numer 
[5 sector Number ®) 
[=| humbor of bate evan por Sector) 
Ea 
es 
a 









7 | End of Track (EOT) 
Gap Length (GPL) eb 
Sector Test Process (STP) 





Result Phase: , 


7 Number of Data Bytes per Sector (N) 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The MFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The MFDC compares the Present Track 


Number (PTN) which is the current head position with the New 


Track Number (NTN), and if there is a difference, performs the 
following operation: 


lf PTN < NTN: Sets the direction output (LCT/DIA) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head step out. 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point MFDC asserts INT. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 


2-302 


Micro Floppy Disk Controller (MFDC) 


After command termination, all FDD Busy bits set are cleared 


by the Sense Interrupt Status command. 


During the command phase of the Seek operation the MFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate MFDC 
non-busy. While the MFDC is in the non-busy state, another Seek 
command may be issued, and in this manner parallel seek opera- 
tions may be performed on all drives at once. 


No command other than Seek will be accepted while the MFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the MFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the Seek operation, than the 
MFDC sets the Not Ready (NR) flag in STO to a 1, sets STO bits 
7 and 6 to.0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 
150 us, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. Z ; 


Command Phase: 


aw lere|7[e]s|*[s[*]4] 0] 
a fefofofol spe ts 
a px fx | «Pepa 0 [use | ose | 
3 [New Teoenumer aT) 


Result Phase: None. 






RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The MFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the. 
FDD. As long as the Track 0 signal (TRKO) is low, the direction. 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the MFDC sets the Seek End 
(SE) flag in STO to a 1 and terminates the command. If the TRKO 
is still low after 256 step pulses have been issued, the MFDC 
sets Seek End (SE) and Equipment Check (EC) flags in STO to 
1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and termi- 
nates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


| mw fevte| 7 | 6 | s lajsi2/ i | o | 
in) el eee 


Pe [x |x] x [x[x] o [uss | uso | 


Result Phase: None. 
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SENSE INTERRUPT STATUS © 


Interrupt Request.(INT) is asserted by the MFDC when any of 
the following conditions occur: 


de 


. Upon entering the result phase of: 
. Read Data command 

. Read a Track command 

. Read (D command 

Read Deleted Data command 

. Write Data command 

Format a Track command 

. Write Deleted Data command 

. Scan commands 


2. Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination 
4. During execution phase in the Non-DMA mode 


zyearoao008 


INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. 
The interrupt is cleared by reading or writing data to MFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither.the Seek or Recatibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status 
command after these commands to effectively terminate them 
and to verify where the head is positioned by checking the 
Present Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 


| ew eve | 7 {6 [s iafal 2] 1] o | 
ee eee 


Resuit Phase: an , 2, 
Status Register 0 (STO) 
| 2 | Present Track Number (PTN) 
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SPECIFY. 


The three-byte Specify command sets the initial values for each 
of the three internal timers: The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 16 ms (1 =.16 ms, 
2 = 32 ms,...F. = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 16 
ms: in increments of 1 ms (F = 1ms,E = 2ms,D = 3ms,... 
0 = 16 ms.) 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4ms, 03 = 6ms,... 
7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the clock 
is reduced to 4 MHz (mini-floppy application) then all time inter- 
vals are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 


Pw lere[?[e[s|esle[a] eo] 
P+ felefefefofe|s [a 
oe 


SAT — Step Rate Time 
HUT — Head Unioad Time 
HLT — Head Load Time 
ND — Non-DMA mode 









Result Phase: None. 


Table 7. STO Seek and interrupt Code Definition for Sense interrupt Status 









. Status Register 0 (STO). Bits 











Cause 


en Normal termination of Seek.or Recalibrate command 










Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 


Command Phase: 





Result Phase: 
| rR  [- 1 | Status Register 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the MFDC, then the MFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The MFDC does not generate an interrupt during this condition. 
Bits 6 and 7 (DIO and RQM) in the MSR are both set to a 1 
indicating to the processor that the MFDC is in the result phase 
and that STO must be read. A hex 80 in STO indicates that an 
invalid command was received. | 





A Sense Interrupt Status command must be sent after a Seek 
or Recalibrate interrupt, otherwise the MFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command 
as a No-Op command, to place the MFDC in a standby or no 
operation state. 


Command Phase: 


[aw [eve] 7 [e[slejsjz]i fo] 
Oe 


Result Phase: . 
| rm [1 | Status Register 0 (STO) = 80 ~ 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the MFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 ws before reading the MSR. Bits 
6 and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the MFDC. During the. result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 

this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the MFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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bytes must be read to successfully complete the Read Data 
command. The MFDC will not accept a new command until all 
seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the MFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the MFDC is in the DMA 


‘mode, INT is asserted at the result phase. The INT signal is reset 


by a read (RD low) or write (WR low) of data to the MFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 16. If the system cannot 
handle interrupts fast enough (within 13 ys for MFM mode or 
27 us for FM mode), it should poll bit 7 (RQM) in the MSR. In 


‘this case, RQM in the MSR functions as an Interrupt Request 


(INT). If the RQM bit is not set, the Over Run (OR) flag in ST1 
will be set to a 1 and bits 7 and-6 of STO will be set to a 0 and 
1, respectively. 


DMA MODE 


When the MFDC is in the DMA mode (ND = 0 in the third 
command byte of the Specify command), DRQ (DMA Request) 
is asserted during the execution phase (rather than INT) to 
request. the transfer of a data byte between the data bus and 
the MFDC, 


During a read command, the MFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds 
to this request with DACK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (DRQ 
low). After the execution phase has been completed (TC high 
or the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data is read during 
the result phase, INT is reset low. 





During a write command, the MFOC asserts DRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and WR low (write). 
When DACK.goes low the DMA Request js reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning 
of the result phase. When the first byte of data is read during 
the result phase, the INT is reset low. j 


FDD POLLING 


After the Specify command has been received by the MFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses inthe Seek 
Command) the MFDC polls all the FDD’s looking for a change 
in the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the MFDC 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the MFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commands. 
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sal IN/OUT FROM MFDC TO DATA-BUS 


(MSR BIT 6) 
REQUEST 
FOR MASTER 
(RQM) - 
(MSR BIT 7) 
WRITE (WR) 






READ (RD) 









NOTES 


[A] DATA REGISTER READY TO BE WRITTEN INTO [ ¢] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO | 0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 


Figure 3. MFDC and System Data Transfer Timing. 
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DO-D? ‘ 


iNT 








Figure 6. Read Cycle Timing 


DATAIN — 
D0-D7 


INT 





Figure'7, Write Cycle Timing 
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DACK . 






WR OR AD 









Figure 8. DMA Operation Timing 





‘WRITE CLOCK. 


(WCK) 
@) 


WRITE ENABLE 
- (WE) 


PRESHIFT 0 OR 1 
(PSO, PSi) 


WRITE DATA 
(WDA) 








READ DATA (RDD) 


READ DATA WINDOW (RDW) 








NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 








Figure 10. FDD Read Operation Timing 
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USO, US1 


___ SEEK 
(RW/SEEK) 





DIRECTION 
(LCT/DIA) 


STEP 
(FR/STP) 








Figure 11. Seek Operation Timing 


FAULT RESET 
(FR) 








Figure 14. Terminal Count Timing 











TEST POINT TEST POINT 


INPUT/OUT 
2.4V 


















2.4V 7/7 2.4V 


0.65V_ 0.65V 






2.0V*/ 2.0V 


0.45V 0.8V.—0.BV 0.3V 


INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC ‘1"" AND 0.3V FOR A 
A LOGIC "‘0:’ TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC “0” TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A 
A LOGIC ‘1 AND 0.8V FOR A LOGIC “0” LOGIC “1” AND 0.65V FOR A LOGIC ‘0: 











Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
Test 
unt | conn 
| ns 


(Veg = 5.0 Vdc £5%, Veg = 0 Vdc, Ty = 0°C to 70°C) 


Ref. ee 
fee lie, Gataeas, stm | rev mia i | eae 
| ty | dey | 120 «| 125 =| S00 | 
| 625 | — | 







































































toy 
[Clock High, low Width | tw | «oy SS] SO oes 
| 3 | ClockAiseTime tec | ow CO] COC | CC | 
[Clock FallTime sts |e S| CC | CO 
| AO, CS, DACK Valid to AD Low (Setup) | tum =| ten =| | | 
| 6 | RD High to AO, CS, DACK Invalid (Hold) | tas | tea =| | CO S| 
|RDLow Width | te | te | 80 | OC TCO 
|RDtowtoData Valid (Access) | sty | te | SC S| SO S| S200 
2 [ AD High to Output High Z a a Oc 
10_| RO High to INT High | tay | ta =| — | — | 500 | ns | 
11_| AO, CS, DACK Valid to WA Low (Setup) ftom | tw {| o [| — | — [ns _ 
12 | WR High to AO, CS, DACK Invalid (Hold) Se eee 
[13 |WRlowWidth tet | = [ins | 
14_| Data Valid to WA High (Setup) | tows | tow | 160 | — | — | ns | 
7 [16 | WR High to Data Invalid (Hold), _ | twiox | two | 5 | — | — IT ns | 
WR High to INT High, fete tee ete 
[17 | DRQCycleTime stay |r S| 18 | | ss | 
| 18 | DRQHighto RD, WAHigh (Response) | tonxn | twaw | — | — | 12 | as | 
tam yg ot CLK = 8 MHz 
20 | DRQ High to RD Low (Delay) tun | 800 — — 
DRQ High to WR Low (Delay) = | ao | — | — | ns | 
| 21 | WOK Cycle Time a ty | — | noet | — | is | 
| 22 [WeKHighWidth = tam | tS] S| 50 | 50 ns 
| 23 |WCKRiseTime. | tec | | COC | CO Ts | 
9 | 24 [WCKFaliTime tm | = = 20, | ns | 
os peeeraenoginen = pee Fee Se 
| 26 | PSO, PS1 Valid to WDA High (Delay) tron | top | 20 | — | 100 | ns | 
| 27 | WOAHighWidth to | too | tc 50 | — S| ns 
If, WE High to WCK High or WE Lowto WCK Low | tawny | twe | 20 | —  [ 100 | ns | 
ROW Cycle Time | twoy | twoy [| — | note2 | — | os 
19 |-31_[ ROW Valid to ROD High (Setup) | twa | twao 15 | OT 
| 32_| RDD Low toRDW Invalid(Hold) | stay | tapw S| 5 | CO | 
[33 | RODHigh Width | steme | tt S| S| CO S| Cts | 
| 35 | USO, USI Valid to SEEK High (Setup) | ts | tus =| 12 | — | rs | 
| 36 | SEEK Low to USO, US1 Invalid (Hold) | tow | ty ~— | 15 | | rs | 
| 37 _| SEEK High to DIR Valid (Setup) | tou | tt ~~] SC? | CO | Os | 
11 [98 [OIR Invalid to SEEK Low (Hold) | ttoxse | tos | 90 | Ts | ge | 
| 39 | DIR Valid to STP High (Setup) | stovrn,_ =| stosr S| lt | OC | Cs | 
| 40 | STP LowtoDiR Invalid (Hold) | strox | tem =| S24 | CO S| Cs 
| 41 | STP Lowto USO, USI Invalid (Hold) | truux | tow | 5 | — | — | as | 
| 42 [STPHighWidth | te | toe SC] CT? | ns | 
| 43 |STPCycleTime = “st tey | sts | S| note | us | 
| 12 | 44 |FRHighWidth tet | ote | | Cts | 
| 43 | 45 | IDXHighWidth ta te | tC ty | 
| 14 | 46 | TCHighWidth tm | ote Tt OP TE try | 
| 15 [47 [ASTHighWidth ta | tact S| 4 | TO ty | 
Notes: 


2. For MFM = 0: Typ. = 2 us 
For MFM = 1: Typ. = 145 

3. tg¢ = 33 xs min. is for different drive units. In the case of the same unit, 
tgo can range from 1 ms to 16 ms with 8 MHz clock period. 
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ABSOLUTE MAXIMUM RATINGS* 


[Parameter Symbot [vate | Unt 


OPERATING CONDITIONS 


Vec Power Supply. 5.0V +5% 
Operating Temperature 0°C to 70°C 






*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum tating conditions for extended periods may affect 
device reliability. 





















































Input High Voltage 
Logic 
CLK and WCK 

























(Voc = 5.0 Vdc +5%, Veg = 0 Vde, Ta = O°C to 70°C, unless otherwise noted) 
Vv 
Logic 
Vv 
Vv Voo = 4.75V, Io, = 2.0 mA 
Vv 
lec 
Input Load Current hy 


DC CHARACTERISTICS 
Parameter Symbol Min Max Test Conditions 
Input Low Voltage 
08 
CLK and WCK 0.65 
Vec + 05 
Voc + 05 
Output Low Voltage I Vor a 
Output High Voltage Vou Voc pee Ag Voe ='4.75V, Ioy = -200 pA 
Veg Supply Current 450 Voc = 4.75V 
a ae ee | 
High Level Output Leakage Current lLou pA Voc = OV to 5.25V, Veg = OV 
Vour = Vec 
Low Level Output Leakage Current lige. -10 “yA Voo = OV to 5.25V, Veg = OV 
Vour = +0.45V 
CAPACITANCE 
(Ty, = 25°C; f, = 1 MHz; Veg = OV) 








Ty = 25°C 








Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 
























40-PIN PLASTIC DIP 
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PRELIMINARY 


DESCRIPTION 


The R6765 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including 2-80, 8080A, 8085A, 
8086, and 8088. The DDFDC simplifies the system design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(FDD) interface. Control signals supplied by the DDFDC reduce 
the number of components required in external phase locked 
loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The DDFODC interfaces directly to the synchronous microproces- 
sor bus and operates with 6-bit byte length data transferred on 
the bus in either DMA or non-DMA made. In DMA mode, the CPU 
need only load the command into the DDFDC and all data 
transfers occur under DMA control. The R6765 is directly com- 
patible with the Z8410/.PD8257 Direct Memory Access Controller 
(DMAC). in non-DMA mode, the DDFDC generates an interrupt 
to the CPU indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
trolier commands and FDD status information for use by the CPU. 


The R6765 executes 15 separate multi-byte commands: 


Read Data Specify _ 
Write Data Format a Track 
Read Deleted Data Scan Equal 


Write Deleted Data Scan High or Equal 


Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 


Recalibrate (Restore to Track 0) 
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FEATURES 


Address mark detection circuitry 

Software control of 

—Track stepping rate 

—Heaad load time 

—Head unload time 

IBM compatible in both single- and double-density recording 
formats 

Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

Multi-sector and multi-track transfer capability 

Controls up to four floppy disk drives 

Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor’s memory with data read from the disk 


Data transfers in DMA or non-DMA mode 
Parallel seek operations on up to four drives 


Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/B080A/8085A, 8086, and 
8088 


Replacement for NEC »PD765A and Intel 8272 
Single phase 4 or 8 MHz Clock 
Single +5 Volt Power Supply 


ORDERING INFORMATION 
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Part Number 





Temperature Range 


R6765_ — 0°C to 70°C 


LL CLK Frequency: 


5 = 4 MHz 


Blank = 8 MHz 


Package: 
P = Plastic 
C = Ceramic 


Product Description Order No. 2168 
Rev. 1, March 1984 
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Figure t. DDFDC Input and Output Signats 


PIN DESCRIPTION INT—Interrupt Request. This active high output Is the interrupt 

request generated by the DDFDC to the CPU. INT is asserted 
Throughout this document signals are presented using the terms upon completion of some ODFDC commands and before a data 
active and inactive, or asserted and negated, independent of byte is transferred between the DDFDC and the data bus (in the 
whether the signal is active in the high-voltage state or low- Non-DMA mode). 


voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. ca = - 
AD—Read. This active low input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the DDFDC 


BUS INTERFACE to the data bus. 

Do-D7—Data Lines. The bidirectional data lines transfer data phot. Ate . 

between the DDFDC and the 8-bit data bus. WR—Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 

CLK—CLOCK. The clock is a TTL compatible 4 or 8 MHz square to the DDFDC. . 

wave signal. 

RST—RESET. This active high input places the DDFDC in the DIRECT MEMORY ACCESS CONTROLLER 

idle state and resets the output lines to the floppy disk drive (DMAC) INTERFACE 


(FDD) to the low state. 

cee: ; ; ee DACK—DMA Acknowledge. The DMA transfer acknowledge 
CS—Chip Select. The DDFDC is selected when the CS input signal is a TTL compatible input generated by the DMA controller 
is low. (DMAC) controlling the DDFDC. The DMA cycle is active wher 


fe ; DACK is low and the DDFDC is performing a DMA transfer. 
A0—Data/Status Register Select. This input selects the Data 


or Status Register for reading from or writing to. When AO = 


high, the Data Register is selected and the state of RD or WA DRQ—Data DMA Request. The transfer request signal is a TTL 
determines whether it is a read (RD = low) or awrite (WR = low) compatible output generated by the DDFDC to request a data 
operation. When AO = low, the Status Register is selected. This transfer operation under control of the DMAC (in the DMA mode). 
register may only be read (RD = low); the state WR = low is The request is active when DRQ = high. The signal is reset 
invalid when the’ Status Register is selected. inactive when DMA Acknowledge (DACK) is asserted (low). 
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TC~Terminal Count. This input signal is Issued to the DDFDC 
when the DMA transfer for a channel.is complete. The signal 
Is active high concurrent with the DACK input when the DMA 
operation is complete as a result.of that transfer. . 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk-drive. 


(FDD) containing clock and data bits. : 


ADW—Read Data Window. Data Window input generated by the 
Phase Locked Loop (PLL) and used to sample data from the FDD. 


VCO—Varlable Frequency Oscillator Sync. This output signal 
Inhibits the VCO in the PLL circuit-when low and:énabies the 
VCO in the PLL circuit when high. This inhibits ADD and RADW 
from beifig generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables the Write Data 
into the FOD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


Preshift Outputs 
Write Precompensation Status } pPso | pst | 


Normal 
Late 
Early 
Invalid 


= High ~ 


0 = Low, 1 


FDD STATUS INTERFACE 


ready to send data to, or receive data from, the DDFDC. 


iDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. ‘lndex is used to syn- 
chronize DDFDC timing. j 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when. RW/SEEK is high, the Seek mode is commanded. 








RDY—Ready. An active high input-signal indicates the FDD is" 
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WP/TS—Write Protect/Two Side. An active high ‘multiplexed input 
signal from the FDD. In the Read/Write mode, WPYTS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicatés the media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed tnput 


from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO. high indicates an FDD fault. In the Seek mode, 


‘FLT/TRKO high indicates that the read/write head Is positioned over 


track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high-when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction, When 
LCT/DIR Is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault Indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unleaded. 


4 
2: 
3 
4 
5 
6 
| 7 
8 
9 
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HD-—Head Select. An output to the FDD to select the proper 
read/write head. Head One is‘selected when HD = high and Head 
Zero is selected when HD. = low. 


US0-US1—Unit Select. Output signals for tloppy disk drive selec- 
tion as follows: 


. Unit Select. 


Floppy Disk 
Drive Select 


0 = Low, 1 = High 
MFM—MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the vie mode when MFM = high and the 
FM mode when MFM = 


veoC—Power. +5V de. _ 


GND—Ground (V,,). 










he) 
BUFFERS 






CONTROL 






_INTEANAL BUS 
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DDFDC REGISTERS 


The DDFDG. contains six registers which may be accessed by 


the ‘processor or DMA controller via the system (i.e.;.:micro- 
processor) bus;'a Main Status Register, a Data Register; and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 68-bit. Data Register, consisting of 
several registers in a‘stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status. information. Bytes of data are read out of, or written 
into, the Data Register in order to. initiate a command or to obtain 
the results .of a command execution. 


The read-only Main Status Register facilitates the transfer of data 


between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST93) are only available during the result 
- phase, and may be read only after completing a command. The 


particular command which has been executed determines how 
many of.the Status Registers will be read. 





SERIAL RDW 
READ RDD 
CONTROL ice 


WCK 
SERIAL WDA 
WE | 
PSO, PS1 


RADY 
IDX 
WP/TS 





DRIVE " FLT/TRKO 
CONTROL cern 


FR/STP 
RW/SEEK 
HDL 
HD 

USO 
ust 

“MFM 





Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the WR, - 


RD and. AO signals is shown below. 


Illegal 
Read Main Status Register 
Illegal 


Illegal. 
Read from Data Register - 
Write into Data Register 


0 = Low, + = High 


o- O90-0 





Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the. individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Tabie 2. , 


REGISTER DEFINITIONS 
Main Status Register (MSR) 


BARS ERSES Eee ES 
[anes aM (20 5 a 8) 18) Oe | 


The Main Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time ‘between the last RD or WR during command 
or result phases and the DIO and ROM getting set or reset is 
12 us. For-this reason, every time the MSA is read the processor 
should wait 12 ns. The maximum time from the trailing edge of 
the last AD in the result phase to when bit 4 (DDFDC Busy) 
goes low is also 12 zs. 


The DIO and ROM timing chart is shown in Figure 3. 


MSR 
7 RQM -—Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 


Data transfer is from system to the Data Register. 


SR 

6 DIO. —Data Input/Output. 

0 

1 Data transfer is from Data Register to the system. 


S§ EXM —Executlon Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 


4 CB = —Controller (ODFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 
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MSR “., 

3  D3B —Floppy Disk Drive (FDD) 3 Busy. 

0 FDD 3 is not busy, DDFDC will accept read or write 
command. — 

1 FDD 3 is busy, DDFDC wil! not accept read or write 
command. 


MSR_ 
2 D2B =—FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept read or. write 


command. : so ole 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
t O18 —FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or write 
command. 
4 FDD 1 is busy, DDFDC will not accept read or write 
command. , 
MSA 


0 O0B -—FDD 0 Busy. ; 

0 FDD 0 is not husy, DDFDC will accept read or write 
command. 

1 FDD 0 is busy, DDFDC will not accept read or write 
command. — 


Status Register 0 (STO) 





The Status Register.0 (STO) as well as the other status registers 

(ST1-ST3), are available only during the result phase, and may 

be read only after completing a command. The particular com- 

mand executed determines which status registers are used and 

may be read. , 

STO 

7 6 —Interrupt Code. 

0 QO ‘Normal:Termination (NT). Command was properly exe- 
cuted and completed. - ; 

Oo 1 Abnormal Termination (AT). Command execution was 
started, but. was not successfully completed. 

1 0 Invalid Command (IC). Received command was invalid. 

11 Abnormal Termination (AT). The Ready (ADY) signal 

. from the FDD changed state during command 

execution. 


sTo 
5 SE  —Seek End. 
0 Seek command is not completed. 
1 Seek command completed by DDFDC. 


$To 
4 EC —Equipment Check. 
0 No error. ; 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
command). , 
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Table 1. DDFDC Status Register Bit Assignments 


Main Status Register (MSR) 
Status Register 0 (STO) 


Status Register 1 (ST1) 
’ Status Register 2 (ST2) 
Status Register 3 (ST3) 





Table 2. " Command Symbol: Description 
| AO! | Address.Line AO : Controls selection of Main Status Register (Ao = = low) or Data Register (AO = high). 
| Ds :«Data The data pattem which is going to be written into a sector. 


DO0-D7 §-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 


om | Data Length _ ’.]:When Nis defined as 00, DTL is the number of data bytes to read from ‘or write into‘the sector. 

End. of Track — “The. final sector number on a track. During read or write operation, the DDFDC mops data transfer 

: _ after reading from or writing to the sector equal to EOT. a 
as : Gap Length es "| The length -of Gap 3. During read/write cornmands this value. determines the number of bytes that the. 


VCO will stay low after two CRC bytes. punng the Format a Track command It determines the size of 
Gap 3. 


DH | Head Address "|. Head number 0 of 1, a8 specified in ID field, aa | ae 
THD (H) | Head A selected head number 0 or 1 which controls the polarity: of pin 27. (H_ = HD in all command words). ° 
HLT | Head Load Time | _ The head load time in the FDD (2 to 254 ms in 2 ms increments). ; j os * 
| Head Unload Time The head unload time after a read or write operation has occurred iss to 240, ms in 16 ms increments). 
FM or MFM Mode 


Multi-Track When MT = 1, a multitrack Saeaaia is to be reed: After finishing a read/write pela kh on side 
_9, the BOEDE will sure rneuoey start searching for sector 1 on side 1. 


RD Reap eas When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 
NTN A new track number, which will.be reached as a result of the Geek command. Desired head ipostion: 
ReadiWrit ey eT 
[skp | Skip Deleted Data Address Mark. SSCSC~“~*~*~‘“~*S*SS~C~C~* 


Step Rate Time — The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
| (F ='1ms, E = 2 ms, etc.) 

Status 0 ' | Four registers which store the status information after a command has been executed. This information 

Status 1 1S available during the result phase after command sxecution. These registers should not be confused 

Status 2 with the Main Status Register (selected by AO = low). STO-STS may be read only after a command has 

Status 3 been executed and contain information relevant to that particular command. 


Sector Test Process During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the Proceso? {or DMA controller); and if STP = 02, then alternate sectors are read and 
compared. ~ 


‘The current/selected track number of the medium (0-255). fy , 
USO, US1_ A selected drive number (0-3). 
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STO 
3 NA —Not Ready. 
0 FOD is ready. 
1 FDD is not ready at issue of read or write command. ff 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


STO 
2 HD —Head Address. (At interrupt). 
0 Head Select 0. 
1 Head Select 1. 


STO 

1 0 US —Unit Select. (At Interrupt). 
0 0 FDD 0 selected. 

QO 1 FDD 1 selected. 

1 #0 FDD 2 selected. 

1 #1 FDD 3 selected. 


Status Register 1 (ST1) 


PARES eas 
Pen fo | be {| on | oo | ND | Aw | Ma | 


ST1 
7 +&EN —End of Track. 
0 No error. 


1 DDFDC attempted to access a sector beyond the fast 
sector of a track. 


ST1 

6 —Not Used. Always Zero. 
ST1 

5 ODE —Data Error. 

0 No error.: 

1 DDFDC detected a CRC error in ID field or the Data field. 
ST1 


4 OR —Over Run. 

0 No error. 

1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


ST1 

3 —Not Used. Always Zero. 
sT1 

2 ND —No Data. 


0 No error. 
1 3 possible errors. 


1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 
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ST1 
1 NW —Not Writable. 
0 No error. 
1. DDFDC detected a write protect signal from'FOD during 
execution of Write Data, Write Deleted pata or pommel 
a Track commands. 
sTi 
Oo MA —Missing Address Mark. 


0 No error. 
1 2 possible errors. 


1. DDFDC’ cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 


eta | Is 28 Te [tae [ae ee 
EOS eRe, | oe ee set ON er NO 


ST2 Se 
7 —Not Used. Always Zero. 
8T2 
$ CM —Control Mark. 
No error. 


DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 


ST2 
5 DD —Data Error in Data Field. 
0 No error. 
1 DDFDC detected a CRC error in the Data field. 


Contents of T on the disk is different from that stored in 
{DR. Bit Is related to ND (Bit 2) of Status Register 1. 


ST2 

3. «OSH —Scan Equal Hit. 

0 No “equal” condition during a scan command. | 

1 “Equal” condition satisfied during a scan command. 
ST2 

2 SN —Scan Not Satisfied. 


0 No error. 
1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 











1 BT —Bad Track. 

0 No error. 

1 Contents of T om the disk is different. from ‘that stored in 
‘the IDR.and T- = FF. Bit is related to ND. Br 2)-of Status 
Register 1. 


0 MD —Missing. Address . Mark In: Oats Field. 

0 ‘No error.. ; 

1 DDFDC cannot find a Data Address Mark: or-Deleted Data 
Address Mark during a data read from the disk. 


Status ier 3 Gr) 





Status Register 3 (ST3) holds the results of:the Sense Drive Status 
command. 


ST3 - 


7 ‘FLT. —Fault. 4 


0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signal from ‘the FODD is-high. 


ST3 
& WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from thé FDD is high. 


5 RDY —Ready. 
0 Ready (RDY) signal from the FDD Is low. 
1 Ready (RDY) signal from the FDD is high. 


4 TRKO —Track 0. 
0 Track 0 (TRKO) signal from the FDD. is low. 
1 Track 0 (TRKO) signal is from the FDD is high. 


ST3 
3 TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 
1 Two Side (TS) signal from the FDD is high. 


2 HD —Head Select. 
0 Head Select (HD) signal to the FDD is low, 
1 Head Select (HD) signal to the FDD is high. 


ST3 
1 US1 —Unit Select 1.. 
0 Unit Select 1 (US1) signal to the FDD is low. 
1 Unit Select 1 (US1) signal to.the FDD is high. 
ST3 


0 uso —Unit Select 0. 
0 Unit Setect 0 (USO) signal.to the FDD is low. 
1 Unit Select 0 (US1) signal to the. FDO is high: 
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COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command i is initiated by a multi-byte transfer of data from 
the system. After command. execution, the result of the command 
may be a multi-byte trarisfer of data back to the system. Because 
of this multi-byte transfer of inforiiation between the DOFDC and 
the system, .each command consists of three phases: 


Command Phase—The DDFDC ‘receives all information 
required to perform a particular operation fram the system. 


Execution Phase—The DDFDC performs the instructed 
operation. - 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
code byte must be sent first followed by the other bytes In the 
specified sequence. All command bytes must be written and all 
result bytes must be read in.each phase. After the last byte of 
data in the. command phase is received. by the DDFDC, the 
execution phase starts. Similarly, when the last byte. of data is 
read out in the result phase, the command. is ended and the 
DDFDC is ready to accept a new command. A command:can 
be terminated by asserting the Terminal Count (TC) signal to 
the DDFDC. This ensures that the processor.can always get the 
DDFDC’s attention even if the command in process hangs up 
in an abnormal manner. 


COMMAND DESCRIPTION 


READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified. 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a “‘Multi-Sector Read Opera- 
tion.” The Read Command terminates after reading the last data 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 


O and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated ‘by a high 


Terminal Count (TC) signal. TC should be issued at the same 


time that the DACK for the last byte of data is.sent. Upon receipt 
of TC, the DDFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7.and 6 in STO 
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to 0. The amount of data which can be handled with a single com- 
mand to the DDFDC depends upon MT (Multi-Track), MF 
(MFMI/FM), and N (Number of Bytes/Sector) values. Table 3 shows 
the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 


When N = O in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If OTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N is non-zero (MFM mode), DTL has no meaning and 
should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. * 


If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to O and 1, respectively, and ter- 
minates the Read Data command. , 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in 1D field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 
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If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK = 1. 


During disk data transfers from tha DDFDC to the system, the 
DDFDC must be serviced by the system within 27 ys in the FM 
mode, and within 13 ps in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


if the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 





Track Number (T) 


4 | Hess numoer 
5 sector number 
[6 | Number of Dates por Secor) 
a 
[2 [bate tenon omy 








Table 3. DDFDC Transfer Capacity 










Multi-Track Bytes/Sector 
(MT) (MF) (N) 
0 
1 
0 
1 


Maximum: Transfer Capacity Final Sector Read 
(Bytes/Sector) (Number of Sectors) from Disk 






(128) (26)'= 3,328 


2 26 at Side 0 : 
(258) 426) .= S.656 or 26 at Side 1 
(128) (52) = 6,656 se 
(256) (52) = 13,312 26 at Side 1 







(256) (15) = 3,840 15 at Side 0 
(512) (15) = 7,680 or 15 at Side 1 
(256) (30) = 7,680 


(512) (8) = 4,096 8 at Side 0 
(1024) (8) = 8,192 ‘or 8 at Side 1 


(1024) (16) = 16,384 
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Table 4. ‘DDFDC Command Termination Values 


. Command Phase ID ~| 


Multi- Final Sector Transferred 


to/from Data Bus 


Track 
(MT) |: 


Less than EOT 


Result Phase iD 








Equal to.EOT 





Notes: 





— 
[ Ewatocor ip te Pe 
[ewstocor | ne tei 
[evar Pe vee 


t. NC (No Change): The game value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit‘of H is complemented. 


Result Phase:. 
‘Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


Track, Number (T) 
Head Number (H) 
| Sector Number (R) 








Number of Data Bytes per Sector (N) 


WRITE DATA 


A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if it is unloaded), waits the specified Head 


Settling Time (defined in the Specify command), then begins: 


reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the ODFDC transfers data from the data bus to 
the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multissector write 
aperation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a high-on Terminal 
Count (TC). If TC is sant to the DDFDC while writing into the 
current sector, then the remainder of the Data field is fitled with 
00 (zeras). In this case, STO bits 7 and 6 are set to:0 and the 
command is terminated. 


The DDFDC reads the !D field of each sector and checks the 


CRC bytes. If the DDFDC detects a read error (incorrect CRC) 
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in one of the ID flelds, it terminates the Write Data command, 
sets the DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to 
O.and+1, respectively. 


The Write. Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following Items: 


* Transter. Capacity 

* End of Track.(EN) flag 

« No Data (ND) flag 

« Head Unload Time (HUT) interval . 

° ID information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when N = O and whenN #.0 


In the Write Data mode, data transfers from the.data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 13 ps 
in the MFM mode. If the time interval between data transfers is 
longer than this, then the DDFDC terminates the Write Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to O and 1, respectively. 


Command Phase: 


| Rw [evre| 7 i 6 | isia|2 fa | o 
wo {+ [wr{wr]o fofol 1 | o ft | 
OE RMT oa eds | uso 


Track Number (7) 


ea Head Number (H) : 


Sector Number (RA) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 
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Result Phase: 





WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


4 [Hoos Nimbere) 
[6 _| Number a Data ees porter W)_| 
8 | Geptengn ery Sd 


-Data Length (DTL) 





Result Phase: 


1 
2 | site Regt ery 














READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 
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Command Phase: 


1 [wr fwrfocfofs[s fo |e | 
ape x x [px] ao [oss [uso 
7 
Ts | Sector Number id 
[5 | Number of Dia Syes por Soon 
| 

ew ~ 

ae 










End of Track (EOT) 
Gap Length (GPL) 
Data Length (DTL) a 


Result Phase: 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


Head Number (H) 
Sector Number (R) 


Number of Data Bytes per Sector (N) 


pode! 
pea 
Eas 
| 4 | Track Number 
zm 
eae 





READ A TRACK - 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data tields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 


If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
a 1, and sets bits 7 and 6 of STO to O and 1, respectively. 
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ere 7 [e [= [2] +] 2 | 
1 fe [wef fofofe [+ [a 
2px [x | x [x] x] ro [usr | us| 


‘Sector Number (R) 


Number of Data Bytes per Sector (N) 








Status Register 0 (STO) 
. Status Register 1 (ST1) i . 


-Status Register 2 (ST2) 
“[. Track Number (1) 
Head Number (H) 


Sector Number (R)_ 
_Number of.Data Bytes per Sector (N) 














READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to O and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in'ST1 is also set to a 1. Bits'7 and 6 in STO are set 
to 0 and 1, respectively and the command is terminated. 


During this command there is rio data transfer between DDFDC 
and the data bus except during the result phase. 


Command Phase: 


Paw [Tevet 7 [6 [s [fst ets [o | 






Result Phase: 


[+ | Sais Regier STO 
2 | Sie Regier ory) 
a | sae Regier? ora 
5 | esd Number) 
Te | secornumber 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, {D fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 


The 1D field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA: Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the ODFDC asserts Interrupt 
Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (T), 
Head Number (H), Sector Number (R) and Number of Bytes. 
Sector (N).. This allows the. disk to, be formatted with non- 
sequential sector numbers, if desired. 


The processor. must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is.formatted, thus, R 
contains the total numbers of sectors formatted when it is read: 
during the result phase. This incrementing and formatting con-: 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to 0. 


if the Fault (FLT) signat is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. , 


Table 5 shows the relatlonship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 
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“Table 5. Standard Floppy Disk Sector Size Relationship 
Gap Length (GPL)* 


Command! Command? | 
1B 
2A 


No. of Data 
Bytes/Sector | 





Notes: 
1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track command. 
3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 
4. Values of ST and GPL are in hexadecimal. _ 





IBM Disk 1 
IBM Disk 2 





1BM Disk 2D 


1BM Disk 2D 














Result Phase: 


= 
2 | Sate Reiner er) 
[3 | stus Regier esr = 
are umber OF 


| 5 | Head Number rH) eo 
| 6 | Sector Number (A)* 


Number of Data Bytes per Sector (N)* 
* The ID information haa no meaning in this command. 








SCAN COMMANDS 


The scan commands compare data read from the disk to data. 


supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of Depp = 
Deus: Prop = Deus, Of Drop = Deus (D = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 


the sector number is incremented (R + STP — R), and the scan 
operation is continued. The scan operation continues unti! one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 


‘is reached (EOT), or TC is‘ received. 


I conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and. terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates 
the command. The receipt of TC from the processor or DMA con- 
troller during the scan operation will.cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate. the command. Table 6 shows the status 
of bits SH and SN under various conditions of s¢an. 


If SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector.as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and. 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Sean Equal 








Boe. Table 6. Scan Status Codes 


ne Status Register 2 . 
1 
0 
1 
0 
0 

















‘Depp = Dgus 
Depo * Deus 


Drop = Deus 
Depp < Daus 
Depp > Deus 








Scan Low or Equal 


Scan High or-Equal 


When either the STP sectors.are read (contiguous sectors = 01, Result Phase: 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- = 
tor on the track must be read. For example, if STP = 02, MT - 
= Q, the sectors are numbered sequentially 1 through 26, and 
the scan-command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before. the EOT vatue of 26 can be read. 
This results in.an abnormal termination.of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed In a normal manner. 






Depp = Daus 
Drop > Dgus 
Drop < Daus 







-o0 









Track Number (T) 
Head Number (H). 












During a sean command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 


from the data bus in less than 27 us (FM mode) or 13 us (MFM SCAN LOW OR EQUAL 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. Command Phase: 








| Aw |evre | 7 js | s [sia] 2] 1 | o | 
wot forte [sk [ssf o fo fot 
2 | x | x | x x] x] ao | ust | uso | 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


Head Number (H) 
Sector Number (R) 


SCAN EQUAL 


Command Phase: 







| 9 | Sector Test Process (STP) 


Result Phase: 4 


ede Status Register 0 (STO) . 
se Status. Register 1 (ST1) 
| 3 | Status Register 2: (ST2) ; 






Sector Number (R) . 
Number of Data Bytes per Sector (N) 








| 4 | Track Number (T) 
| 5 Head Number (H) 
| 6 | Sector Number (R) ae 


Nurnber of Data Bytes per Sector (N) 


Sector Test Process (STP) 
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SCAN HIGH OR EQUAL 


Command Phase: . te. oot 
| rw fevre| 7 je [s [sist | s [oo | 
pot [wr iM} sk [ifs] ao | 4 
2 [x | x | x [x] x] Ho ust | uso | 
| 3 | Track Number 


Head Number (H).- 
Sector Number (A) 


Number of Data Bytes per Sector (N) 


7 |- End of Track (EOT) 


_ Gap. Length (GPL) 
















Result Phase: oe 


tatus Register 0 (STO) 
tatus Register 1 (ST1) 








"Sector Number (R) 


Ea 
ee 
pee 
a. 
— 
a 


SEEK . 


. Sector Test Process (STP) 


rack Number: (1) . 


| - “‘Double-Density Floppy Disk Controller (DDFDC) -- 


The three-byte Seek command steps the FDD read/write head - 


from track to track. The DDFDC has two independent Present 


Track Registers for each drive: They are cleared only by the. 


- Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the currént head position with the New 
‘Track Number (NTN), and if there is a differerice, performs the 
following operation: - 


if PIN <NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FOD 
to cause the read/write head to step in. 


If PTN > NTN: Sets the direction output (LCT/DIR) low and” 


issues step pulses to the FDD to cause the. 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
-is issued, NTN is compared against PTN. When NTN = PTN, 


then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6- 
in STO.are set to 0, and the command is terminated. At this’point 


DDFDC asserts INT. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set. 
‘toa t. 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 
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"0, respectively, to indicate an invalid command. : 





During the command: phase of the Seek operation the DDFDC. 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase’the CB flag is set to'0:to Indicate DDFDC © 
Non-busy. While the DDFDC is in the non-busy state, another 


~Seek command may be issued, and in this manner parallel seek 


operations may be performed on all drives at once. “~~ 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If.a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO:to a4 and 


If the FDD is in @ not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the. 
DDFDC sets the.Not Ready (NA). flag in-STO to a 1, sets STO- 
bits 7 and 6 to 0 and 1, respectively, and terminates the command. 


if the time to write the thrée bytes of the Seek command exceeds 
150 ys, the time between the first two step pulses may be shorter 
than the Step Rate Tims (SRT) defined by the Specify.command 
by. as much as 1: ms. se es 2 es 


Command Phase: 





Result Phase: None. 


wd 


. RECALIBRATE 
* ‘This two-byte corfimand retracts the FDD read/write head to the 


Track 0 position. The DDFDC ‘clears the contents of the PTN 
counters, and checks the. status of the Track 0 signal from the 


-FDD. As long as the Track 0 signal (TRKO) is low, the direction 


signal (LCT/DIR) output remains. low and step pulses are issued 


- on FRYSTP. When TRKO goes high the DOFDC sets the Seek 


End (SE) flag in ‘STO to 2 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have. been issued, the 


DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 


STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. a ’ 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss-of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


ot 


Command Phase: 





Result Phase: None. 
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SENSE INTERRUPT STATUS 


interrupt Request (INT) is asserted by the DDFDC when any of 
the following conditions occur: 


—_ 


. Upon entering the result phase of: 

. Read Data command _ 

Read a Track command 

. Read ID command . 

. Read Deleted Data command: 

. Write Data command _ , 

‘Format a Track command 

. Write Deleted Data command 

. Scan commands" 

. Ready (RDY) line from the FDD changes state 
. Seek or Recalibrate command termination 

. During execution phase in the Non-DMA mode 


sare aoccgD 


PON’. 


INT caused by reasons 1 and. 4 above occur during normal 
command operations and are easily discernible by the processor. 


During an execution phase in Non-DMA mode, bit 5 in the MSR © 


is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and '4.do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDG. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status comrhand. This command resets INT 
and sets/resets bits 5, 6, and 7. of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has’a.result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: - 
| ew eve] 7 |e] s[eis[2] 1 | o | 
po weft fofof}ofolifo} ofa | 


Result Phase: 


Status Register 0 (STO) 
zz Present Track Number (PTN) 








16ms _inincrements of ims .(F =1 
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SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three Internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands fd the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(1 = 16 ms, 2 = 32 ms,. . .F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. ‘This timer is programmable from 1 to 
ms, E = 2ms, 
D=3ms,...0 = 16 ms.) 


The Head Load Time (HLT) defines the time between the Head - 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 

increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6ms,... 

7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 


_The-choice of DMA or Non-DMA operation is made by the Non- 
‘DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 


selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 





SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head:-Load Time 
ND — Non-DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 







Status Register 0 (STO) Sits pee 
Interrupt Code (IC) Seek End (SE) 
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RDY line changed state, either polarity 
Normal termination of Seek or Recalibrate command: 
Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS - 


“This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and.con- 
tains the drive status. 


Command Phase: 





Result Phase: 


er 


INVALID COMMAND 


If an invalid command (i.e., a command. not previously. defined) 


is received by the DDFDC, then the DDFOC terminates the com- ° 


mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and RQM) in the MSR are both set to a 1 indicating 
to the processor that the ODFDC is in the result phase and that 
STO must be read. A hex 80 in-STO indicates that: an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 


Recalibrate interrupt, otherwise the DDFDC considers the next. 


command to be: an invalid command. 


In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a'standby or no opera- 
tion state. 


Command Phase: 


[ow foo Ee TST eT Te 
i 











Result Phase: 


[a | + [Sas Regtiero em =e 





PROCESSOR INTERFACE 


‘During the command or result phases, the Main Status Register 


(MSR) must be read by the processor before each byte of infor- 


mation is transferred to, or from, the ODDFDC Data Register. Atter 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 ys before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, ‘respectively, before each 
command byte can be written to the DDFDC.. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 

‘each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and’7 of the MSR before each byte 
transfer to and from the DDFDC i is required in only the command 
and result phases and not during the execution phase. 
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During the result phase all bytes shown in the result phase‘must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the rasult phase. All seven bytes must _ 
be read to successfully complete the Read Data command. The’ 
DDFDC will not accept a new command until all saven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, ‘the MSR need. not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on'pin 18. When the DDFDC is in Non-DMA mode, INT is asserted 


‘during the execution phase. When the DDFDC is in the DMA 


mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the DDFDC. 
A further explanation of the INT signal is-described in the Sense: 
Interrupt Status command on page 16. If the system cannot 


‘handle interrupts fast enough (within: 13 us for MFM.mode or 27 ys 


for FM mode), it should poll bit 7 (RQM) in the MSR. In this case, 
RQM in the MSR functions as an Interrupt Request (INT). If the 
RQM bit is not set, the Over Run (OR) flag in ST1 will be set to 
a 1 and bits 7 and 6 of STO will be set to a 0 and 1, respectively, 


DMA MODE 


When the DDFDC is in the DMA mode (ND = 0 in the third com- 
mand byte of the Specify command), DRQ (DMA Request) is . 
asserted during the execution phase (rather than INT) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts DRQ as each byte 

of data is available to be read. The DMA controller responds to’ 
this request with DACK low (DMA Acknowledge) and RD low 

(read). When DACK goes low the DMA Request is reset (DRQ 

low). After the execution phase. has been completed (TC high or - 
the EOT sector is read), INT is asserted to indicate the begin- 

ning of the result phase. When the first byte of data is read dur- 

ing the result phase, INT is reset low. 








During awrite command, the DDFDC. asserts DRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK (DMA. Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning of 





-the result phase. When the first byte of data is read during the 


result phase, the INT is reset low. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- - 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RIDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status. command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 


which drives are on- or offtine. Each drive is polled avery 1.024 ms 
‘ except during read/write commands. 
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iG) IN/OUT FROM DDFDC TO DATA BUS 
(MSRBIT6) — FROM DATA BUS TO DDFDC . 
REQUEST | 1 | 
FORMASTER) = — 7 |} 
(ROM) | ee | 
(MSR BIT 7) | | REABY | 

4 


hired ro! ryt | 





WRITE (WR) 









READ (AD) + a t [- 
ee sie Mes less + gh Sak, SP ae bl! 


Ghoceietete tet 


[A] DATA REGISTER READY TO BE WRITTEN INTO. [c] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 


NOTES 


Figure 3. DDFDC and System Data Transfer Timing 
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‘0, €3, DACK a Se: 


ee 
8) 


DO-07 


INT 








Figure 6. Read Cycle Timing 





AO, CS, DACK 


DATA IN 
Do-D7 


INT 





Figure 7. Write Cycle Timing 
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WR OR AD 





WRITE CLOCK 


WOK ed 7 | A \ =a 
WATE ENABLE ma) nan : 2 | @ 
PRESHIFT 0 OR 1 . Fe — 

(pee Pen a Py Ga os 
WRITE DATA i (27) 


(WDA) 








‘READ DATA (ADD) 







READ DATA WINDOW (ADW) 










NOTE: 
EITHER POLARITY DATA WINDOW IS: VALID 





Figure 10. FDD Read Operation Timing 
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USO, US1 STABLE _: 


__ SEEK 
(RW/SEEK) 


fo 


DIRECTION | 
(LCT/DIR) 


FAULT RESET 
(FR) 





Figure 12. Fault Reset Timing Figure 13. Index Timing 


TERMINAL COUNT 
(TC) 








Figure 14. Terminal Count Timing Figure 15. Reset Timing 















TEST POINT Ripek TEST POINT 
ak At 7 

0.45V 0.8V_0.8V 0.3V 
INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1 AND 0.45 VFOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0.3V FOR A 


A LOGIC “0:' TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC ‘0’ TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A 
A LOGIC ‘1 AND 0.8V FOR A LOGIC “0:’ LOGIC “1” AND 0.65V FOR A LOGIC ''0:” 


INPUT/OUT 
2.4V 







2.4V7/ 2.4V 


0.65V_0.65V 












Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Vec = 5.0 Vde 5%, Veg = 0 Vie, T, = 0°C to 70°C) 





















Standard 
2s 











Pi. | eis. | vat | lwo iw. '|- gt, sat, | 
|1 [Glock Period tty | bey 999 9 ft Be 
| 3 | CockAiseTime sd tc | | CU | CSOT ts | 
| 4 | ClockFalTime | tes | SS CC OTC ns 
| 5 | A0,CS,DACK ValidtoRD Low (Setup) | tum | ot | CO | OC SO] Cons 
| _& | RD High to A0,CS, DACK Invalid (Hold) | tansy | tan =| | OS] ns 
RD Low Width _ a | tun | tae | 260 | — [| — [| ns | 
| 8 | RD LowtoData Valid (Access) | tp | te | CO S| CO 200 ns 
[9 | ADHightoOutputHighZ ste | tor S|, 20] CO ft ns | 
[10 | RDHightoINTHigh st | ot | CS] CO S| S00 | 
[11 | A0,CS,DACK Valid to WALow (Setup) | tom =| tw | oo [| — [| — | ns-| 

12_| WR High to Ad, CS, DACK Invalid (Hold) Ttwoss | tw | oo | — | — J ns | 
f 13 [WRlowWidth Tt | tw || | ns | 
[14 [Data ValidtoWA High (Setup) stow | tow | t50 | SO S| — ns | 
7 (15 [WRHightoDatalnvalid (Hold) | tw. | two | | CO] ns | 
[16 | WAHightoINTHigh | ts | ot | | TS S00 | ns | 
toy [| ty | 13 {| -— [ — J 4s | 
[18 | DRQHightoRD,WRHigh (Response) | ton | tuew | — | — | 12 | us| 
| 19 [DACK LowtoDRQ Low (Delay) | tu | tw | COC S| SC | 200s 
DRQ High to AD Low (Delay) __ | ton | twe | 00 [Tn | 

20 | DRQ High to WA Low (Delay) town | tw | 260 | — [| — | ns | 
[21 | weKCycleTime | ty | ty. | Cnt tt | Os | 
[22 | wCKHighWidth te | tL S| 50] 880, ns | 
| 23 |WCKRiseTime | st | ot] COC SC] COC | S| | 
[24 [WCKFalTime | ote S| tC] CSC] CU | S| sons | 
| 25 | WCK High toPSO,PS1 Valid (Delay) | stknpy | top ~~ |) 20 | OC | 100 | sons | 
| 26 | PSO, PS1ValidtoWDAHigh (Delay) | steyn | too =| 20 | SO S| S100 |_| 
| 27 |WDAHigh Width | toe | tw | ten 50] — | ns | 
| 28 | WE High to WCK High or WE LowtowWCK Low | tenn | twe | 20 | — | 100 | ns | 
| 30 [ROW GycleTime sty, | S| mote | ns | 
[31 | ROW ValidtoRDD High (Setup) | stan | tw | 5 | CO S| SC ns | 
| 32°] RDDLowto RDW Invalid (Hold) | ste | teow | 15 | OT sons 
| 33 | ADDHighWidth | te | te =| 40 | CO | os 
| 35 | USO,US1Validto SEEK High (Setup) | tiven | tus =| 12 | OT ns | 
96 | SEEK Low to'USO, US1 Invalid (Hold) | ta =] tu | 158 | CSO] Os | 
| SEEK High to DIR Valid (Setup) tg | top =| 7 | OT gs | 
[DIR InvalidtoSEEKLow(Hold) tose | tos =| S| OS] | 
[DIR ValidtoSTP High (Setup) | stoves =| tor S| dt | OO] Crs 

| STP LowtoDIR Invalid (Hold) tux | term | S| CO as | 

| STP Low to USO, USI Invalid (Hold) | tru | tery =] | OC dT fs | 
|STPHighWidth soto | tee | Ts | 
PstPCycleTime sd sty | tee SCT note | ns | 
|FRHigh Width sot | ote | TC tgs | 
PIOXHighWidth | ot S| te S| | CT ty 
pToHighWidth | te lt | at ty | 
PRSTHighWieth toe | tes | 8 | | try 





2. For MFM = 0: Typ. = 22s 
For MFM = 1: Typ. = 13s 
3. tgc = 33 xs min. is for different drive units. In the case of t 


Double-Density Floppy Disk Controller (DDFDC) 






‘Test — 
Conditions 
| CLK = 4 Miz | 
y, 


CLK = 8 MHz 


CLK = & MHz 


he same unit, 


tgc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 


to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS” 


[Parameter | Symbol [Value | Unit | 
Supply Voltage -0.3 to +7.0 
[meutvorage | 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. . 






OPERATING CONDITIONS 




















Vec Power Supply . §.0V 45% | 
Operating Temperature 0°C to 70°C 





DC CHARACTERISTICS 
(Voc = 5.0 Vide +5%, Vgg =.0 Ve, Ta = 0°C to 70°C, unless otherwise noted) 


Input Low Voltage t 
Logic 
CLK and WCK 



















Input High Voltage 
Logic 
CLK and WCK 








Voc = 4.75V, lo. = 2.0 mA 
ee ee” 0 > 
SO 

10 wA | Veg = OV to 8.25V, Veg = OV 
Vout = Voc , 
El | iu 


Voc = OV to 5.25V, Veg = OV 
Vout me +0.45V 





CAPACITANCE 
(Ts = 25°C; f. =1 MHz; Voé = OV). 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 

















5 5 ° 
51 10 0.020 | 0.040 
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R6500/* SINGLE-CHIP MICROCOMPUTER FAMILY 
Higher Performance, Broader Applications, Software Compatibility 


The R6500/" single-chip microcomputers are completely 
software compatible with the 8-bit multi-chip family: They let 
you move easily from a multi-chip to a single-chip system 
solution when the application warrants it. They also function 
as intelligent peripheral controllers. The family continues to 
expand to include dual processors and CMOS versions. The 
R6500/* devices have faster execution speeds for most 
applications, based on our competitors own figures, even 
though some others use higher frequency crystals. 

Features include 1.5 to 3K bytes of ROM, 64 to 192 bytes 
of RAM; 23 to 56 I/O ports, multiple use counter/timers, 
serial communication channels, new bit manipulation 
instructions, expansion bus, multiple bus interfaces, directly 


executable RAM with low power standby, multiple interrupts, . 


all from a single 5V power supply. 

Three intelligent peripheral controllers offer design 
effective upgrading potentials for existing 6800, 8080, Z60 
and ee? systems. They're also available in ROM-less 


versions, for large memory system applications and for 
developing and simulating products in prototype, with 
external memory. 

And, two versions even have all system software on chip, 
including an operating system and high tevel FORTH 
language. It’s an extremely versatile single-chipper. 

Three different sets of development ROM permit systems 
from 16 to 40 /O and 8K to 48K of application program 
memory. 

' ‘As the highest performance single-chip family, the 
R6500/* devices are in use now in applications such as 
printers, telephone answering equipment, fixed disk drives, 
stereos, industrial controllers, telecom, cash registers, 
sewing machines, test equipment and more. . 

Check for yourself and see how a Rockwell R6500/* can 
solve your system problem. There are no higher performing 
8-bit single chippers, Tegardless of clock speeds. 


ROCKWELL NMOS MICROCOMPUTERS—THE TOP PERFORMERS IN INDUSTRY 


Features/Models R6500/1 R6500/11 R6S00/12 ‘R6500/41 R6500/42 R65410 


¢ ROM (x8) 

e RAM (x8) 

e /O Lines 

¢ Serial Comm. 

* 16-Bit Counters 
¢ Host/Slave Bus 


« Expansion Bus 
® Interrupts 

— External 

— Internal 

— Host 


« Standby RAM (mW) 
* Package 





R65CO0/21 6 R65C29 


O® | ~R65C00/21 DUAL CMOS MICROCOMPUTER 


AND R65C29 DUAL CMOS 
Rockwell | MICROPROCESSOR 


~ PRELIMINARY 
INTRODUCTION 


FEATURES 


Two enhanced CMOS R6502.CPU's in one device 
—Cornimon memory and VO 

—Shared data and subroutines 

--Independent CPU registers and interrupt vectors 
— Independent reset operation and programs 
—R6502 software and timing compatible 

10 new instructions for faster and smaller programs 
— Unsigned Multiply (MUL) 

—Set and Reset Memory Bit (SMB and RMB) 
—Branch on Bit Set and Reset (BBS and BBR) 
—Unconditional Branch (BRA) 

—Push and Pull Index Registers (PHX, PHY; PLX;: PLY) 


Microcomputer/microprocessor/peripheral controller operation 


—Stand-alone micracomputer 
2048 x 8 mask programmable ROM 
128 x 8 random access memory (RAM) 
—Enhanced microprocessor 
Built-in RAM, ROM.and VO with expandability 
8-, 12- or 16-bit extension address bus 
— Programmable. peripheral controller 
Host data bus interface (Z80/8080 or 6500/6800 option) 
Self-contained or expandable 


_ 16-bit Counter/Timer A with eight modes, and prescaler 


—Timer Off 

—Free-Run Event Counter 

—Free-Run Pulse Width Measurement 
—One-Shot Retriggerable Timer 
—One-Shot Interval Timer 

—Free-Run Interval Timer 

—One-Shot Pulse Generator 

—Free-Run Pulse Generator 

16-bit Counter/Timer B with four modes 
—Free-Run interval Timer 

—Free-Run Pulse Generator 

—Event Counter 

—~Pulse Width Measurement 

Up to 52 general purpose input/output fines 
—Five bidirectional 8-bit ports (PA, PB, PC,.PD and PF) 
—One 8-bit output port (PE) 

—One 4-bit input port (PG) 

—Multi-purpose operation. for selected ports 
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e Nine interrupts 

—Positive and negative edge detect 

——Low level detect (external IRQ) 
—cCounter/Timer A and B underflow 
—Inter-processor communication 

"—Host computer data transfer: 

—Non-maskabie 

— Reset 

Flexible system operation 

—Memory mapped I/O for easy programming 
—Page zero location for memory efficient access 
Low power at normal frequency (40 mw at 2 MHz) 
Reduced power at low frequency (2.0 mw at 2 MHz/128) 
System clock rates from 10 KHz to 4 MHz 

5V +' 10% power supply 

64-pin QUIP 


SUMMARY 


The Rockwell A65C00/21 is a complete, high performance 
8-bit, CMOS dual microcomputer in a single chip and is com- 
patible with all R6500 microprocessors except that it has 
additional instructions including a 10-clock time multiply, 


The R65C00/21 consists of two enhanced instruction set 6502 
CPU's in one device. The device also has 2048 bytes of Read- 
Only Memory (ROM), 128 bytes of Random Access Memory 
(RAM) and versatile interface circuitry. The interface circuitry 


‘consists of two multimode programmable 16-bit counter/timers 


and 52 general purpose input/output lines. Some of these input/ 
output lines may be used as address, data and control lines 
for expanded systems or as data and control lines when the 
R65C00/21 is used as a programmable peripheral controller. 


The two CPU's in the R65C00/21 are functionally independent. 
Each has its own set of registers, its own reset and interrupt 
vectors and operates under control of its own program. The two 
CPU's do, however, share the same memory and system /O 
resources. This allows direct communication between the two 
CPU's and allows sharing of subroutines and common data 
areas where desired. Programming and system. design for 
applications which require simultaneous control of two or more 
independent asynchronous processes is thus simplified because. 
one CPU may control one process while the other controls 
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Dual CMOS Microcomputer/Microprocessor 





another one. Consequently, complex programming usually 
needed to interleave the contro! functions or to’implement an 
interrupt driven system, is not required. 


‘In a multiple computer approach, both processors may :need the 


same subroutines so that some portions of memory must. be ° 


duplicated in both. systems. The dual GPU's share the same 
program memory, therefore only one set of subroutines is 
required and both CPU’s may even be using them at the same 
time without interference. 


In addition to the dual CPU's, the R65C00/21 also has the 
innovative architecture and the demonstrated high performance 
of the well established R6502 CPU, fiexible input/output which 
provides improvements over the R6522 Versatile Interface 
Adapter (VIA) device, and production efficient on-chip ROM and 
RAN. These features make the R65C00/21 a leading candidate 
for most imbedded microcomputer applications. 


A system using the R65C00/21 Dual CMOS Microcomputer will 
be simpler in design, use less program memory, require fewer 
componenis, reduce circuit board sizes, simplify test require- 
ments, and minimize field maintenance—all contributing to: lower 
production and support costs. In addition, simpler designs shorten 
development effort and time-——leading to-reduced development 
costs and faster product, to market. 


The R65C29 Dual CMOS Microprocessor, a ROM-less version 
of the R65C00/21 with permanently extended data and address 
bus, is also available. The R65C29 is ideal:for dual CPU appli- 
cations requiring changeable ROM and/or extended RAM, ROM 
or I/O, and can also be used for R65C00/21 prototype circuit 
development. The R65C00/21 can also operate in an emulation 
mode, like the R65C29, with its internal ROM disabled. 


DEVELOPMENT SYSTEM SUPPORT. 


Prototype circuit and software development support are avail- 
able using the Rockwell Design Center (RDC) and: R65C00/21 
Personality Module. Program developrient. and debugging aids 
such as text editing, symbolic assembly with conditionals and 
macros at the absolute and relocatableé/linking level, and ‘single/ 
muttiple step execution with instruction/data tracing are pro- 
vided. Real-time in-circuit emulation in the target environment 
is alsa: supported. 


NOTE 


All descriptions of R65C00/21 operation in this document 
also apply to the R65C29 except for internal ROM, and 
as otherwise noted. 


ORDERING INFORMATION 


The R65C00/21 Dual CMOS Microcomputer can be ordered in 
volume quantities with the following speed capability: and: mask 
option indicated in the R65C00/21 ROM Code Order Form (Doc- 
ument Order:No. 2134) , 

e 1, 2, 3, or 4 MHz system clock (#2) _- 

e Crystalmaster clock or slaved clock input mask option 


The Re5C29 Dual CMOS Microprocessor has the following 


characteristics: 

ry Crystal/master clock input 

e 8-bit data bus and 16-bit address bus extension. 
e No internal ROM 


R65C00/21e RG5C29_- "Dual CMOS Microcomputer/Microprocessor 
INTERFACE | 





The interfaces for the R65C00/21 and R65C29 are illustrated The interface signals for the R65C00/21 and R65C29 are 
in Figure 1. described in Table 2, The descriptions of the selectable, bus 

: expansion pins (16-bit address mode) for the R65C00/21 apply 
The pin assignments for the R65C00/21 and the R65C29 are to permanent bus expansion pins for the R65C29. 


shown in Figure. 2. The R65C29 pin assignments are the same. 
as the R65C00/21 except that bus expansion functions are per- 
manently assigned instead of general purpose ports D and E. 


: PORT A PAO-PA7 
PORT B 


OSCILLATOR 


CLOCK PCO-PC7 
GENERATOR : OPTIONAL USE: 
i HOST DATA BUS 


2048 x 8 | 
ROM PD0-PD7 


R65C00/21 ONLY OPTIONAL USE: 
EXP. BUS 


‘DATA/LOWER ADDR. 


PEO-PE7 
OPTIONAL USE: 


EXP, BUS 
DATA/LOWER ADDR. 


PFO-PF7 
OPTIONAL USE: 
PFO .POS. EDGE 
DETECT 
PF1-NEG. EDGE 
oe PF2. EXT. IRQ INPUT 
he PF3 TIMA I/O 
TIMER B | PF4 TIMB 1/0 
a PF5 --- 
PF6 --- 
PF7 HINT 


PGO-PG3 
OPTIONAL USE: 
“PGO HO2/HRD 
PG1 HA/W/HWR 
PG2 HAS 
PG3 Cs 





Figure 1. R65C00/21 and R65C29 Interface Diagram 
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1. 64 [> Vec el 
2 63 [——_ ; RES 
3 62 [5 NMIA 

4 61 -—— NMIB 
5 60 PGO 

6 59 ——— PG1 
7 58 PG2 

8 57 PG3 
9° 5650 °&®}&3=PDO 


R65C00/21 51 hon 





AS RG6SC29 





Figure 2. R65C00/21 and R65C29 Pin Asignments 
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Dual ‘MOS Microcomputer/Microprocessor 


Table 1. R65C00/21 Pin Descriptions. 


_ Signal Name [Pin] = Description | 


PAO-PA7 
PBO-PB7 
PCO-PC7 
PDO-PD7. 


PEO-PE7 
PFO-PF7 


PFONEG (PFO) 
PF1POS (PF) 
PF2LOW (PF2) 
_TIMA (PF3) 
TIMB (PF4) 
HINT (PF7) 
PGO-PG3 


Hg2/HAD (PGO) 
HRAVW/HWA (PG1) 


HRS (PG2) 
CS (PG3) 





Port A. General purpose 8-bit VO Port A. 
Port B. General purpose 68-bit YO Port B. 
Port C. General Purpose 8- bit /O Port C. Host Data Bus in Host Mode. 


Port D. General purpose 8-bit VO Port D. Muttiplexed lower address (AO to A7) and Data 
Bus (D0-D7) when Bus Extension Mode is selected. 


Port E. General purpose 8-bit output Port E. Upper address fos to Ati or A8 to ats) when 
Bus Expansion Mode is solected. 


‘Port F. General purpose 8-bit /O Port F. Under software control, each line has alternate 


functions as. follows: 
PFO Positive Edge Detect. Maskable CPU interrupt on PFO-Positive Transition. 
PFi Negative Edge Detect. Maskable CPU interrupt on PF1 Negative Transition: 
PF2 Low Level Detect. Maskable CPU interrupt on. PF2 Low (external IRQ). 
Timer A External Input/Output. 





Timer B External Input/Output. 
Host Interrupt. Active-low maskable interrupt request to Host. 


Port G. General purpose 4-bit Input Port G. Under software control, Port G serves as: the 
Host Control Bus as follows: 


Host Bus Clock/Read Strobe Input. 72 tor 6500/6800 bus; Read ‘Strobe. for 280/8080- 
bus. 


Host Bus Read-Write/Write Strobe Input. RW for 6500/6800 bus; Write Strobe for 
280/8080 bus. 


Hoat Bus Register Select Input. Low selects Data Buffer; high selects Status Flags. 


Host Bus Active-Low Chip Select Input. Low selects Host Bus operation depending on 
HRS and HR/W/HWA coding and Host Control and Status Register contents; nigh. 
disables Host Bus interface. : 


Reset. Active-low Reset input. initializes Rescoo/2i to initial conditions—resets all registers 
and I/O lines. 


CPU A Non-Maskable interrupt. Non-maskable negative edge sensitive interrupt input to 
CPU A. 


CPU B Non-Maskable Interrupt. Non-maskable: negative edge: sensitive interrupt input to 
CPU B. 


External Memory Strobe. Active- low. , 
System Phase 2 Clock Output. Maskable as system. clock input for slave operation. 
Read/Write. Read/write control. output. High during read, low during write. 

Syne. instruction sync output: High When Op'‘Code fetched . 


Phase A. Phase A clock output. High during CPUA bus cycle, low during CPU B bus 
cycle. 


Crystal/Master Clock Return. -Output connection to crystal (or no connection if external 
master Clock connected to XTALI. Input frequency i is two times system clock (92) rate. 


Crystal/Master Clock Input. input connection from crystal (or external master clock). 
Power. 5.0 Vdc. 
GND. Signal and power ground. 
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FUNCTIONAL DESCRIPTION 


The RE5C00/21 consists of two central processor units (CPU's), 
a 2048 x 8 read-only memory (ROM), a 128 x S random access 
memory (RAM), five 8-bit parallel I/O ports, one 8-bit output 
port, one 4-bit input port, two 16-bit counter/timer systems, a 
variety of VO control registers, and an independent interrupt 
contro! system for each CPU. All of the ROM, RAM, I/O, internal 


buses, and the arithmetic logic unit (ALU) are shared by the two . 


CPU's. A memory map of the system is shown in Figure 3. An 
overall block diagram of the R65C00/21 is shown in Figure 4. 


NOTE 
Throughout this document, unless specified otherwise, all 
memory ar register address locations are specified in 
hexadecimal notation. , 


INTERNAL MEMORY 


INTERNAL READ-ONLY-MEMORY (ROM) 


The ROM in the R65C00/21 consists of 2048 (2K) bytes of mask 
programmable memory with an. address space from F800 to 
FFFF. ROM locations FFF2 through FFFF are assigned to inter- 
rupt and reset vectors for the two cPu' S.. 


INTERNAL RANDOM ACCESS MEMORY (RAM) 


The internal RAM consists of 128 bytes of read/write memory 
with assigned page zero addresses of 0080 through OOFF. 


EXTERNAL MEMORY 


External memory can be addressed by selecting the Bus 
Expansion. Mode in the Bus Control Register. Address space 
from 0200 through EFFF may be accessed for either RAM, 
ROM, or VO purposes as the particular application requires it. 
In addition, there are 32 bytes from 0020 through OO3F which 
may be used for VO expansion and 256 bytes from 0100 through 
O1FF which may be external RAM. 


CPU LOGIC 
Each CPU in the R65C00/21 is effectively a standard R6502 


CPU with 10 extra instructions utilizing 40 operation codes which - 


are unused in the R6502. Therefore, each CPU has an 8-bit 
accumulator, two 8-bit index registers (X and Y), an 8-bit Stack 
Register, a 16-bit Program Counter, independent interrupt cir- 
cuitry, and an instruction register with state counter. The internal 
buses, memory, instruction decoding circuitry, and ALU are 
shared by the two CPU's on alternate clock cycles. 


ACCUMULATORS 


The accumulator in each CPU is a genera! purpose 8-bit register 
that stores the results of most arithmetic and logic operations. 
Additionally, the accumulator contains one of the two data words 
used in these operations. 
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INDEX REGISTERS 


Each CPU has two index registers, X and Y. Each index register 
may be used as a modifier to a base address supplied as a part 
of the instruction being processed. The resulting effective address 
is usually the sum of the base address plus the contents of the 
indicated index register. The index registers are used in a 
‘number of the addressing modes including zero page indexed, 
absolute indexed, post-indexed. indirect and pre-indexed indi- 
rect. Each index register also has a family of instructions which 
allow loading, storing, incrementing, decrementing, and.com- 
paring the contents of the register. These are discussed thor- 
oughly in the R6500 Programming Manual! (Order No. 202). 


ADDRESS (HEX) 


























Sood), | YO AND CONTROL REGISTERS | 
es EXTERNAL 1/0 EXPANSION2 . 
003F ani 
SOrF NOT ACCESSIBLE 
0080 
INTERNAL RAM (128 BYTES)" 
(SHARED WITH 0180-01FF) . 
OOFF 
010 ze 
: 2 
aes | EXTERNAL RAM EXPANSION 
180 | INTERNAL RAM (128 BYTES)! 
(SHARED WITH 0080-00FF) 
O1FF 
nee |__ROvemptor™ 
EFFF 
eee NOT ACCESSIBLE 
coe INTERNAL ROM (2048 BYTES 
FFFI ( ) 
FFF2 : 
BEES NMIB VECTOR 
FFF4 
ada RESB VECTOR 
FFF6 
Fro IRQB VECTOR 
FFFe 
FEES. NOT USED 
FFFA 
FFFA NMIA VECTOR 
-FFFC 
FEFC RESA VECTOR 
FFFE IRQA VECT 
FFE QA VECTOR 
Notes: 


t. When bit 4 of the Bus Contral Register (BCR) is a 0 (default value), ° 
the 128 bytes of internal RAM are redundantly mapped into both 
page zero and page one and are addressable as either 0080-00FF 
or 0180-01FF. When BCR bit 4 is a 1, all of page one RAM 
(256 bytes) is mapped externally (0100-01FF) and the 128 bytes 
of internal RAM are dedicated to page zero (0080-00FF). 

| 2. Accessible in bus expansion mode. 





Figure 3. A65C00/21 Memory Map 
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INSTRUCTION 
DECODE <_ 
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COUNTER/TIMER A a, 


UPPER LATCH LOWER LATCH 
UPPER COUNTER | LOWER COUNTER 




































PE3 
SNAPSHOT REG. : 
TIMER B : 
CONTROL 
AND STATUS 
PROCESSOA REGISTER COUNTEA/TINER B 
STATUS [Nf : v2 
F LOWER COUNTER Pra 
q rs 
xz 
“INDEX E 
REGISTER KO er 6 a eT 
Y PG0-PG) 
HOST : (HOST CONTROL) 
CONTROL ( 
AND STATUS 
INDEX REGISTER 
REGISTER KO CSC*S 
a DATA 
DIRECTION 


F 
Re ee a 


ACCUMULATOR KC 


FORT ES SoD 
vo PFO-PF7 


font 6) 

















a er OUTPUT PEO PET 
STACK aaa 
i ot : 
o a AB-A15) 
PORT D — 
uO PDO-PD7 
ES DATA rials 
Fd DIRECTION D007) 
PROGRAM iB c 
COUNTER 
i poate 
PCH ah 
; z ; PCO-PC? 
FE Bus ; : {HOST DATA BUS) 
Fe] CONTROL 
e REGISTER 
OATA 
DIRECTION” 
B 
PORT B 
a ri 
ROM vo 
2048 X 8 PEO-P87 
(RO5C00/21 DATA 
ONLY) DIRECTION 
C : 
Note: . ; Seria : 
Indicates dual registers — one SD i) saa ——— 


_ for CPU A and one for CPU B 


Figure 4. A65C00/21 and R65C29 Block Diagram 
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STACK POINTERS 


Each CPU iin the R65C00/21 ‘has its own independent 8-bit 
Stack Register located in RAM on page zero/one and is pointed 
to by a Stack Pointer. Each Stack Register is automatically 
incremented and decremented under control of the appropriate 
CPU to perform proper stack manipulations in response to user 
instructions, an IRQ interrupt or an external NMI interrupt of the 
appropriate CPU. The Stack Pointers must be initialized by the 
user program. , 


These stacks allow simple implementation of multiple level 
independent interrupts in each CPU,. subroutine nesting, and 
simplification of many types of data manipulation without 
the programmer continually being aware of specific memory 
addresses. The JSR, BRK, ATI,,RTS, PHA, PLA, PHP, PLP, 
PHX, PLX, PHY and PLY instructions all make use of the stack 
and the appropriate CPU's Stack Pointer. 


Each stack may be visualized asa deck of cards which may only 
be accessed from the bottom of the deck: The value to be stored 


is written on a card and then that card is placed on the bottom. 


of the deck (pushed onto the stack).-When the data are to be 
read, the bottom card is removed from the deck and the value 
on it transferred to. the appropriate register (pulled from the stack 
‘to the specific register), Each time data are to be used as an 
address, the value is stored in the addressed memory cell, and 
the Stack Pointer is decremented by 1. When the data are read 


(or “pulled"’) from the stack, the Stack Pointer is incremented - 


by 1 and the resulting value can be used to address the data. 
The data are read from the addressed memory cell and then 
transferred to the appropriate register in the CPU. 


Each CPU must have an independent starting location for its 
Stack. It is the programmer's responsibility to see that the RAM 
utilized for each CPU stack does not conflict. It is recommended 
that the CPU requiring less depth in its stack be assigned the 
OXFF location and the other stack be started a safe distance 

‘ below it. The two stacks are physically located either on page 
zero (although addressed as page one) for single-chip opera- 
tion, or externally on page one when extended addressing is 
selected. (See Note 1 in Figure 3). The default-areas for the 
stacks are on page zero. In either case, both stacks are on the 
same page. 


ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations for both CPU's take place in 
a shared ALU. Incrementing and decrementing of the index reg- 
isters and memory also take place here. The ALU stores data 
for only.one cycle. Consequently, data’ placed on the inputs at 
the beginning of.a cycle are processed and gated to one of the 
registers, or to memory, during the next cycle. 


Each bit of the ALU has two inputs. These inputs may be tied 
to various internal buses or to a logic zero; the ALU then gen- 
erates the function (AND, OR, SUM, etc.) using the data on the 
two inputs. 


PROGRAM COUNTERS 


The 16-bit program counters for each CPU provide addresses 
that step each processor through sequential instructions in a 
stored program. The program counter for each CPU is initially 
set to the value stored as the reset vector in CPU A (RESA at 
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FFFC) and in CPU B (RESB at FFF4) when power is applied 
to the R65C00/21. Each time a processor fetches an instruction 
from memory, the lower (least significant) byte of its program 
counter (PCL) is placed on the low-order eight bits of the address 
bus and the higher (most significant) byte of the program counter 
(PCH) is placed on the high-order eight bits of the address bus. 
The counter is incremented each time an instruction or operand 
is fetched from memory. 


The contents of the program counter are replaced with a new 
value when a JMP, JSR, ATS, RTI, BRK, or any of the branch 


instructions are executed. Also, the program counter value is 


replaced when an external non-maskable interrupt NMIA or 
NMIB, an internal interrupt request, an external interrupt request 
via PF2 (see Port F description) or reset (AES) occurs. 





INSTRUCTION REGISTERS AND 
INSTRUCTION DECODE 


Instructions selected by the program counter are fetched from 
ROM or RAM (or Port D if in Expanded Bus Mode) .and gated 
onto the internal data bus. These instructions are latched into 
the proper instruction register and then decoded using common 
decoding circuits for both CPU's. Timing, status bits, and inter- 


Supt controls. are interpreted together with the instruction code 


to generate control signals" for the various egisters in the 


appropriate CPU. 


INTERRUPT LOGIC 


Each CPU has its own logic which controls the sequencing of 
three types of interrupts: RES, NMI, and IRQ. The same RESET 
(RES) pin is used for both CPU's; consequently, reset occurs 
on both CPU's at the same time. A different reset vector (RESA 
and RESB) exists for each CPU to allow initialization of the sep- 
arate and independent programs. 


Separate pins are used for the two processors’ non-maskable 
interrupts (NMIA and NMIB). Each processor has its own NMI 
vector; CPU A uses NMIA Vector at FFFA and CPU B uses 
NMIB Vector at FFF2. 








Three different types of external interrupt conditions can be 
detected by connecting the external signal to one of three Port 
F input pins. A positive-going edge, a negative-going edge, and 
an external interrupt request (IRQ), i.e., a low level, can be 
detected on PFO, PF1 and PF2, respectively. Internally, [RQ 
conditions can be generated by time-out of either of the two 16- 
bit counter/timers, upon interprocessor-communication request 
by the other CPU, or by the Host Interface Port. 


In each case, the interrupt condition is reported as an interrupt 
flag in a contro/status register associated with the functional 
area. Each CPU can either enable or disable IRQ generation by 
setting or resetting a corresponding interrupt enable bit in the 
same or associated control/status register. 


Furthermore, each CPU can contro! whether or not its pro- 
cessing is interrupted when an interrupt request (IRQ) is gen- 
erated. Each CPU has its own Processor Status Register (PSRA 
and PSRB) with the capability of disabling IRQ interrupts when 
its own “I flag” bit is a 1. 
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NEW AND MODIFIED INSTRUCTIONS 


In addition to the standard R6502. instruction set, ten new 
instructions: have been added and minor timing and other 
changes have. been made to a few other instructions. All of these 
additions and changes are discussed in this section. Refer to 
the Instruction Set Op Code Matrix for the operation codes and 
addressing modes of all instructions. The times indicated for 
each instruction are given-in terms of CPU clock-times. 


UNSIGNED MULTIPLY (MUL) 


The 10 clock-time hardware multiply instruction multiplies the 8- 
bit contents of the Y register by the 8-bit contents of the A reg- 
ister to give a 16-bit product. At the completion of the multiply 
operation, the most significant half of the product resides in the 
A register and the least significant half in the Y register. This 
operation uses unsigned numbers only. This instruction uses the 
implied addressing mode and, consequently, ‘requires one byte 
for the op code. 


SET MEMORY BIT (SMB m, ADDRESS.) 


This instruction uses zero page addressing only and requires 
five cycle times. It sets the designated bit in the addressed 
memory cell or I/O port to a 1. The first byte of the two-byte 
instruction identifies the operation and the bit to be set while the 
second byte designates the address of the word in which the bit 
is to be set. Eight op codes are used for the eight bit locations 
in a byte. 


RESET MEMORY BIT (RMB m, ADDRESS.) 


This instruction operates in the same way as the SMB instruc- 
tion except that the bit is set to 0. 


BRANCH ON BIT SET RELATIVE 
(BBS m, ADDRESS, DESTINATION). 


This instruction tests one of eight bits designated by a three-bit 
immediate field within the first byte of the instruction. The second 
byte designates the address of the byte to be tested within the 
zero page address range (memory or I/O ports). The third byte 
of the instruction specifies the 8-bit relative address to which the 


instruction branches if the bit tested is a 1. If the bit tested is not 
set to a 1, the next sequential instruction is executed. This 
instruction requires five cycles if the branch is not executed, six 
cycles if the branch executes to the same page, or seven cycles 
if it branches to a different page. 


BRANCH ON BIT RESET RELATIVE 
(BBR m, ADDRESS, DESTINATION) 


This instruction is similar to the BBS instruction except that the 
branch takes place if the bit tested is a 0. 


INDEX REGISTER STACK OPERATIONS 
(PHX, PLX, PHY, AND PLY) 


These instructions are similar to the PHA and PLA instructions 
in the conventional R6502 except that they push or pull the X 
or Y registers to and from the stack, respectively. The push 
instructions require three instruction cycles and the pull instruc- 
tions require four cycles. 


UNCONDITIONAL BRANCH (BRA) 


This unconditional branch is a branch always instruction. !t oper- 
ates similar to the conditional branches of the R6502 except that 
the relative branch always occurs. It executes in three cycles if 
the branch is to the same page or four cycles if it is not. Two bytes 
are required, one for the op code and the other for the relative 
address. 


INSTRUCTION DIFFERENCES FROM R6502 


Decimal add and decimal subtract instructions on the R65C00/ 
21 require one cycle time longer than their binary equivalents. 
The add and subtract times are the same for both decimal and 
binary operation on the R6502. , 


The decimal mode flag (D) in the processor status registers 
default to binary (D =0) operation when the A65C00/21 is RESET, 
whereas this bit'is uninitialized on the R6502. 


The indirect jump instruction increments the page address when 
the indirect pointer crosses a page boundary, whereas on the 
R6502 it does not. 
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PROCESSOR STATUS REGISTERS 


Each CPU has its own 8-bit Processor. Status. Register.. Each 
register contains seven status. flags. Some of these flags 
are controlled by the user program; others may be controlled 
both by the user's program and the appropriate CPU, The 
R65C00/21 instruction set. contains a number of conditional 
branch instructions which are designed to allow testing of. these 
flags. 


CARRY BIT (C) 


The carry bit (C) can be considered the ninth bit of an arithmetic 
operation. It is set to a 1 if a carry from the eighth bit has 
occurred, or it is cleared to 0 if no carry has occurred, as a result 
. of arithmetic or shift operations: 


The carry bit may be set-or cleared under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instructions, 
respectively. Othér operations which affect the carry bit’ are 
ADC, ASL; CMP, CPX, CPY, LSR, PLP, ROL, ROR, ATI,. and 
SBC. 


ZERO BIT (Z) 


The zero bit (Z) is set to a + by the CPU during any data move- 
ments, or calculations, which sets all eight bits:of the result to 
zero for that CPU. This bit is cleared to a O' when ali eight bits 
of a data movement, or calculation, operations are not all-zero 
for that CPU. The R6500 instruction set. contains no instruction 
to specifically. set or .clear the Z flag bit. The. Z -flag bit is, how- 
ever, affected by the following instructions: ADC, AND, ASL, 
BIT, CMP, CPX, CPY; DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDXx, LSR, ORA, PLA, PLP, PLX, PLY, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


INTERRUPT DISABLE BIT (I) 


The interrupt disable bit (1) controls the servicing of an interrupt 
request (IRQ). If the | bit is set to a 0 in the Processor Status 
Register of one,-or both, of the CPU’s, the [RQ signal will be 
serviced by that particular CPU. If the bit is set to a 1 for one 
or both of the CPU's, the iRQ signal will be ignored by that CPU. 
Each CPU will set its interrupt disable bit to a 1 if a ‘RES, an 
IRQ, or its non-maskable interrupt (NMI) signal is detected. 
{Interrupting one processor does not affect the other one unless 
‘it is programmed to respond to the same interrupt. 


The | bit is cleared for each CPU when that CPU executes a 
Clear Interrupt Disable (CLI) instruction and is set under soft- 
ware control by a Set Interrupt Disable (SEI} instruction. This bit 
is also set by the Break (BRK) instruction. The Return From 
Interrupt (RTI) and Pull Processor Status (PLP) instructions also 
‘affect the | bit by setting it to. the value which was stored on the 
stack. 


DECIMAL MODE BIT (D) 


Fhe decimal mode bit (D) controls the arithmetic mode of its 
CPU. When this bit is set to’a t,. the adder operates as a decimal 
adder for the Add with Carry (ADC) and the Subtract With Carry 
(SBC) instructions. These instructions, in the decimal mode, 
require one additional: CPU cycle time compared. with binary 
mode or the decimal mode in the conventional R6S00. (In the 
conventional R6500, the decimal! and binary arithmetic. opera- 
tions are the same speed.) When the bit is a 0, the arithmetic 
is performed in straight binary. The decimal mode is controlled 


only by the.programmer for each of the CPU's. The Set Decimal 


Mode (SED) instruction causes decimal arithmetic to be per- 
formed and the Clear Decimal Mode (CLD) instruction causes 
binary arithmetic to be performed by that CPU. The PLP and 
RTI instructions also affect the decimal mode bit. 


The D bit for each CPU is. automatically set to the zero state 


‘(binary mode) wheri the R65C00/21 is reset by RES. 


‘ BREAK BIT (B) 
The break. bit (B) determines the.type of condition which caused 


the 1RQ service routine to be entered. If the IRQ service routine 
was entered because a BRK instruction was. executed by its 
GPU, the. B bit i is set to a 1. ff the service routine was entered 
because of an IRQ. signal being generated, the B fs set to a 0. 
There are no instructions which.directly set or clear this bit. 


OVERFLOW BIT (V) 


The overflow bit (V): indicates that the result of a signed binary 
addition or subtraction operation is a value which cannot be con- 
tained in seven bits (outside the range of —128 to +127). This 
indicator only has meaning when signed arithmetic is per- 
formed. In this case, the arithmetic operations are being per- 
formed on the sign and seven magnitude bits for one byte, or 
the most significant byte of a longer signed number. When the 
ADC or SBC instruction is executed, the overflow bit is set to 
a1 if the polarity of the sign bit is changed because the result 
exceeds +127 or —128 in absolute magnitude. Otherwise, the 


‘V bit is cleared to a.0. The V bit may be cleared by the pro- 


grammer by executing-a Clear Overflow (CLV) instruction in the 
appropriate CPU. 


The overflow bit is also affected by the BIT instruction. The BIT 
instruction samples specific bits in memory or 1/O interrupt 
status words. Most of the /O devices used in the R6500 family 
and most of the interrupt flags in the R65C00/21 have interrupt 
flags in the upper two bits of the register. The BIT command 


copies these two most significant bits of the addressed word into 


the N and V flags. The V flag is set to the same state as bit 6 
of the addressed words and the N flag copies bit 7. 


The instructions which affect the V flag are ADC, BIT: CLV, PLP. 
RTI and SBC. 
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NEGATIVE BIT (N) 


The negative bit (N) indicates that the sign bit (bit 7) in the 
resulting value of a data movement or arithmetic operation is 
a 1. If the value represents a signed number, the most signifi- 
cant bit being a 1 indicates a negative number. If the sign bit is 
a 0, the result is interpreted as a positive value. The BIT instruc- 
tion copies the most significant bit of the addressed memory cell 
or VO register into the N flag bit. 


There are no instructions that set or clear the N bit directly since 
the N bit represents only the status of a result. The instructions 
which produce a result that affects the state of the N bit are 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, ‘PLA, PLP, PLX, PLY, 
ROL, ROR, RTI, SBC, TAX, TAY, FSX, TXA, and TYA. 





aoa Status Registers (PSRA and PSRB) 


_ a” NOT BRK | DEC |: | ZERO | CARRY 
(N) {V) USED | (B) (D) ENBL.} (Z) | (C) 






it 7 Negative (N)' 
1 Negative Value 
ie) Positive Value 
Bit 6 Overflow (0)! 
1 Overflow Set 
0 Overflow Clear 
Bit 5 Not Used (Don't care value) ; 
it 4 Break Command (B)' 
1 Break Command 
0) Non-break Command 
Bit 3 Decimal Mode (D)? 
1 Decimal Mode 
0 Binary Mode 
Bit 2 Interrupt Enable (I) 
1 IRQ Interrupt Disable 
0 IRQ Interrupt Enable 
Bit 1 Zero (Z)' 
1 Zero Result 
0 Non-Zero Result 
Bit O Carry (C)' 
1 Carry Set 
0 Carry Clear 
Notes: 


1. Not initialized by RES. 

2. Set logic 1 by RES. . 

3. Cleared to logic 0 by RES. 

4, There are two Processor Status Registers, one for each CPU. 
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INPUT/OUTPUT AND CONTROL/STATUS REGISTERS 


“REGISTER ADDRESSES 


Table 2 shows the input/output, contro/status and timer/counter 
registers which are addressed on page zero from locations 00 
through 1D. Some of the registers combine other functions when 
they are read or written. The table lists both the primary and 
secondary types of functions. Table 3 summarizes the register 
formats. 


All control/status registers and data direction registers are cleared 
to zero by a RES. Thus, the zero state of each bit defines the 


.. default operating modes. Each register is associated with a 
- functional area in the microcomputer, e.g:, parallel input/output, 


* timer/counter, bus control, etc. The detail operation of each reg- 
ister is defined in the appropriate sections. 


Thirteen registers are used for input/output functions and nine 
registers used for timer/counter functlons. The use of these reg- 
isters is discussed in later sections. 


_ Table 2. 


Seven contraV/status. registers: “contro! and monitor the basic 
operation of the R65C00/21. The registers and their primary 
functions are as follaws: 


BCR Bus Control Register—defines expansion bus 
-Modes 

HCSR ~ Host Control and Status Register—defines host 

: _bus and interrupts _ 

ICSR .__Interrupt.Contro! and Status Register—enables 

and reports interrupt conditions 

CIFR Clear Interrupt Fiags Register 

PCR Power Control Register—selects low power 
mode 

TACSR_ Timer A Control and. Status Register—controls 

. and monitors Timer A operation” ©" 
TBCSR_ Timer B Gontrol and Status Register—controls 


and monitors Timer B ponereleo 


/O, Control/Status and Timer. she stdae 


PA Data 

PB Data 

PC Data, O> IBF? 
PC Data, 0O>IBF> 
PD Data! 

PF Data 

PG Data 


PA Data 
PB Data 


PD Data? 

PE Data! 

PF Data 

PA Direction 
PB Direction 
PC Direction 
PC Direction 
PD Direction’ 


PF Direction 
BCR 

HCSA 

ICSR 

CIFR 

IPCIR 

PCR 

TACSR 

LLA 

ULA 

ULA, ULA-UCA, 
LLA—LCA, 0--UFA? 
TBCSR 

LLB 

ULB 


BCR 
HCSR 
ICSR 


PCR 
TACSR 

LCA, UCA->SLA 
SLA 

SLA, 0-UFA? 


TBCSR 

LcB 

UCB 

UCB, 0>UFB? 


1. Addressed externally when in expanded bus mode. 
2. Counter/Timer underflow flags: 

UFA = Timer A Undertlow Flag bit in TACSR 

UFB = Timer B Underflow Flag bit in TBCSR 


PC Data, 1-OBE, 0->RSO? 
PC Data, 1>OBE, 1RSO? 


ULB, ULB—>UCB, LLB—-LCB, 0-UFB2 


3. 


Port A Data yo 

Port B Data lO 

Port C Data VO 

Port G Data VO 

Port D Data lO 

Port E Data Output Only 
Port F Data l/O 
Port G Data Input Only 
Port A Direction 

Port B Direction 

Port C Direction 

Port C Direction 

Pert D Direction 


Port F Direction 


Bus Control Register 

Host Control and Status Register 

Interrupt Control and Status Register 

Clear Interrupt Flags Register 

Inter-Processor Communication Interrupt Register 

Power Control Register 

Timer A Control and Status Register 

Timer A Lower Counter (LCA)/Lower Latch (LLA) 

Timer A Snapshot Latch (SLA)/Upper Latch (ULA) 

Timer A Snapshot Latch (SLA)/Upper Latch, 
Download and Start Timer 

Timer B Control and Status Register 

Timer B Lower Counter (LCB)/Lower Latch (LLB) 

Timer B Upper Counter (UCB)/Upper Latch (ULB) 

Timer B Upper Counter (UCB)/Upper Latch (ULB), 
Download and Start Timer 


R65C00/21 to/from Host data transfer bits in HCSR: 
IBF = Input Buffer Full flag bit 

OBE = Output Buffer Empty flag bit 

RSI = Register Select Input bit 

FASO = Register Select Output bit 


. — = Not used—indeterminate data when read 
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“CPU A 


ACTIVE NOT USED 


NOT USED 


TMR B 
INT 
ENBL 


Note: All contro] and status registers are cleared to zero by 





ES 


INTERRUPT CONTROL AND STATUS 


Unlike other R6500 family devices, the R65C00/21 does not 
concentrate the interrupt flags into a single register. The 
R65C00/21, in general, places the interrupt flags in registers 
which also have to do with the control of the particular function 
which can cause the interrupt. 


Interrupt enable control is located in the following registers: 


HCSR Host Control and Status Register 
ICSR Interrupt Control and Status Register 


Table 3. Control/Status Registers Formats Summary 


Bit Number 


oe ee ee eee ae ee 






- WRITE ONLY REGISTER—NO SPECIFIC BIT (IPCIR) 














NOT USED 
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BUS: 
BUS 
EXTENSION staid 
MODE 





(BCR) 


HOST 
CONTROL AND 
STATUS 
REGISTER 
-{HCSR) 


INTERRUPT 
CONTROL AND 
| STATUS 
REGISTER 
(ICSR) 


CLEAR 
INTERRUPT 
| FLAGS. 
REGISTER 
(CIFR) 


NOT USED 


INTER- 
PROCESSOR 
COMMUNICATION 
INTERRUPT 
REGISTER (IPCIR) 


‘POWER 
CONTROL 
REGISTER 
-| (PCR) 


TIMER A 
CONTROL AND 
STATUS 
REGISTER 
(TACSR) 


TIMER B 
CONTROL AND 
STATUS 
REGISTER 
(TBCSR) 







LOW 

‘PWR 
CPUB 

- (LPB) 





TIMER A 
MODE 
SELECT 










TIMER B 
MODE 
SELECT 














TACSR_ Timer A Control and Status Register 
TBCSR_ Timer B Control and Status Register 


Portions of each of these registers relating to interrupt enables 
are duplicated for each of the two CPU's. However, only one 
memory address has been allocated so that each CPU uses the 
same address to select its own interrupt enables. The specific 
details of the usage of the interrupt control bits are discussed 
in the corresponding functional area. 
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CLOCK CIRCUITS 


CLOCK OSCILLATOR 


The internal clock oscillator generates the system clock (2) 
which clocks all R65C00/21 operations. The system clock fre- 


quency ranges from 10 KHz to 4 MHz (the upper limit deter- 


mined by the R65C00/21 part number) which Is one-half the 
external crystal (or master clock) frequency. Each CPU in tum 
operates at one-half the system clock frequency (alternate 
cycles). All operations to memory or I/O take place at the system 
clock frequency. Sirice each CPU shares the common segments 
of the systern on alternate system clock cycles, all. internal 
operations dccur at the system clock rate but, for CPU timing 
purposes, a CPU cycle rate of half the system rate is used. Thus 
with a 4 MHz crystal frequency, the system clock rate is 2 MHz 
and each CPU operates at ah effective 1 MHz rate. Every two 
system clock periods sees one cycle devoted to CPU A and one 
cycle devoted to CPU B. 


The $2 clock is normally routed externally to clock external 
memory operations in the extended bus mode. A mask option 
allows the $2 clock to be configured as an input so the 
_RG5C00/21 can operate in a slaved clock mode. In this case, 
"the. crystal input (XTALI) is grounded and crystal output (XT ALO) 
is left open as shown in Figure 5. 


LOW POWER OPERATION 


The divide-by-128 clock prescaler operates in one of three ways 
(see Figure 6). One is the prescaler switched completely out 
which gives.a system clock rate (@2) at one-half of the crystal 
frequency. Another way is to select the low power operation for 
both CPUs which switches in the clock prescaler. The clock 
prescaier divides the system clock frequency by 128 to generate 
the prescaled system clock rate (@2PS). This reduces the device 
power requirements and also reduces the counting rate of both 
counter/timers by a factor of 128. The third operating mode for 
the prescaler is to use it for prescaling Timer A only. This mode is 
discussed under the Counter/Timer Operation. 
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POWER CONTROL REGISTER (PCR) 


Two bits in the Power Control Register (PCR) determine oper- . 
ation of the clock prescaler. Each CPU can set its own power 
control bit and read both of them. When both power control bits. 
are a 1, the system switches to the low power operation at a 
clock rate of 82/128 (2PS): The system réverts to normal 
power and speed when either power control bit is a 0 or when 
an enabled interrupt occurs. In the latter case, the system con- 
tinues to operate at the low rate until.the current instruction is 
completed, then it switches to the normal rate. The Power Con- 
trol Register is shown in Figure 7. t 


NOTE 


An enabled interrupt automatically clears. the PCR bit for 
the affected CPU. It must be set again by software to 
resume low power mode. 


Power Control Register (PCR). 


‘NOT USED 








Bits 7-2 Not Used (Don't care) 
Bit 1 Low Power Mode Select for CPU B (LPB) 
1 Low power mode requested by CPU B 
0 Normal power mode requested by CPU B 
Bit 0 Low Power Mode Select for CPU A (LPA) 
1 Low power mode requested by CPU A 
0 Normal power mode requested by CPU A 
Notes: 


1. Both CPU's can read both bits. 
2, Each CPU can only write its power control bit. . 
3. Both bits must be set to enable low power mode. 
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OUTPUT CLOCK INPUT CLOCK 
7 
| 


MASTER 


- SLAVE 
MICROCOMPUTER oy 


: MICROCOMPUTER 


Boe 


INVERTER USED WHEN SLAVE 
IS TO OPERATE OUT OF PHASE 
WITH MASTER 











Figure 5. Master/Slave Cock Connection 


PRESCALEA LOW FREQ SYSTEM CLOCK 
% CRYSTAUMASTER CLOCK (+ 128) SELECTION (92 OR 82PS) 


POWER 
CONTROL 
REGISTER 


Notes: 
1. Crystal or Master clock frequency is divided by two internally. 


2. System clock is @2 or J2PS ($2 + 128) it low frequency operat ion for both CPU's Is selected in the Power Control Register. 
3. When a device is strapped for slave clock mode, the input @2 by-passes the prescaler (ie., PCR bits will have no affect on the internal 82 clock 
rate of the slave processor. 





Figure 6. System Clock Operation 
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PARALLEL INPUT/OUTPUT PORTS 


The A65C00/21 parallel input/output interface consists of five 
8-bit, bidirection input/output ports, one 8-bit output only port, 
and one 4-bit input only port. 


BIDIRECTIONAL PORTS A, B, C, D AND F 


The five 8-bit bidirectional ports (Ports A; B,.C, D and F) each 
have an associated data direction ‘register which configures 
individual data ports for either input or output. Port E is output 
only and port G is input only, therefore, no data direction reg- 
isters are required for these two ports. 


OUTPUT MODE 


If the data direction register for a particular bit position in a 
bidirectional port is a 1, that bit is defined as an output pin. The 
information written into each bit position of the data word is 
loaded into a latch. The information will remain in that latch until 
new data is transmitted to the data word or the power is shut 
off. The output latches are individually connected to output 
drivers for each bit position for which a corresponding bit in the 
data direction register is a 1. The output drivers are double- 
énded, push-pull type. The drivers force the output pins high 
(=2.4V) if the output data bit is.a 1, or low (20.4V) if the output 
data bit is a 0. The output drivers are TTL compatible. 


INPUT MODE 


If the data direction register for a particular bit position in a 
bidirectional port is 0, that bit position is defined as an input pin. 
When the input/output port is read via an LDA, LDX, LDY, ADC, 
SBC, ORA, AND, EOR, or a BIT instruction, all of the information 
on that port’s pins are read into the corresponding register and 
processed as directed by the instruction. Since the input signal 


lines are at a “float” state, the logic level on them will be read. 


as either a 1 or a O for that pin position. A low (=0.8V) input 
causes a logic 0 to be read and a high (=2,0V) input causes a 
logic 1 to be read. The output values can also be read (if the 
direction bit = +) since the outputs are also on the pins. The input 
Teceivers are TTL compatible, are not latched, and are sampled 
near the end of each clock cycle 62 and gated onto the interna! 
bus when selected. 


PORT A NIBBLE ADDRESSING 


Whenever a port is shared as an output, care must be exercised 
that one CPU does not destroy the other CPU's output data. In 
general, this can be avoided by allocating complete output ports 
to each CPU so that there is no possibility of conflict. However, 
there may be some situations where at least one port must be 
shared for. outputs to get the proper mix for the required appli- 
cation. Port A is slightly different from the other bidirectional 
ports to allow port A to be safely shared as an output port by 
both CPU's. 


Port A is divided into two 4-bit “nibble ports”. Each half (nibble) 
ot Port A may be Independently addressed by each CPU as 
defined by two. bits in the Bus Control Register (BCR2 and 
BCR3) as described in Bus Extension and. Host Interface sec- 
tion. Depending upon the contro! bits, either CPU may be 
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assigned to write to both halves, write to neither half (only 
read—the other CPU writes to the whole register), write to top 
half, or write to bottom half. When a mode has been selected 
for writing to only one-half of the port, the other half is unaffected. 


ALTERNATIVE MODES OF OPERATION 


Bidirectional Ports C, D, and F all have alternative modes of 
operation which may be selected in lieu of the bidirectional port 
capabilities. 


Port C is a data bus for a host computer when the R65C00/21 


is being used as a programmable peripheral device. This is dis- ‘ 


cussed in more detail under Bus Extension and Host Interface. 


Port D is a multiplexed data bus (00 through D7) and address 
bus (AO through A7) when the. R65C00/21 is used as a micro- 
computer with external memory and I/O devices. This is also 
detailed under Bus Extension and Host Interface. 


Port F also has the’ capability of operating in conjunction with 
other segments of the R65C00/21 architecture. as described 
below: 


PORT F CONTROL AND STATUS 


The Interrupt Control and Status Register (ICSR) and the Clear 
Interrupt Flags Register (CIFR) control and monitor the opera- 
tion of the Port F external interrupts (bits 2, 1, 0) as well as inter- 
processor communication interrupts. 


When the PFO edge-sensitive circuit detects a positive transi- 
tion, bit 4 of the ICSR is set to a 1. An internal interrupt request 
(IRQ) is generated to a CPU whenever this bit is set and the 
corresponding PFO Interrupt Enable Flag (tCSR bit 0} is set to 
a1 for that CPU. Similarly, a negative going transition on PF1 
sets the edge detect flag in ICR bit 5. ICSR bit 1 is the corre- 
sponding PF1 Interrupt Enable bit. As in all cases of the interrupt 
enable bits, each CPU has its own set, addressed at the same 
location, but held separately. 


Port F signat.PF2 has an external interrupt request (IRQ) capa- 
bility. When this signal goes low, bit 6 of the Interrupt Control 
and Status Register is set and remains set as long as the signal 
is low. If the corresponding PF2 Interrupt Enable -bit (bit 2) in its 
segment of the Interrupt Control and Status Register is a 1 while 
the PF2 Low Interrupt bit. (bit 6) is a 1,.an interrupt eduest is 
generated. 


Each CPU may thus control the external interrupt independently 
of the internal interrupts. If the | flag in the Processor Status 
Register of a particular CPU is a 1, no IRQ’s will be honored. 
If the | flag is a O and that CPU's interrupt enable in bit 2 of the 
Interrupt Control and Status Register is a 0, only internal inter- 
rupts will interrupt that CPU. If bit 2 is a 1, any IRQ will be 
honored. 


The Port F signals PF3 and PF4 can be used as external inter- 
faces for Counter/Timers A and B, respectively (refer to the 
Counter/Timers description). Finally, PF7 can be used as an 
active-low interrupt to a host processor. The operation of the 
R65C00/21 with a host processor is discussed under Bus Exten- 
sion mode. 
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The Inter-Processor Communication Interrupt (LPCA and IPCB) 
bit in the ICSR allows each CPU to interrupt the other CPU if 
all of the other normal IRQ conditions are correct. CPU A sets 
the IPCB Interrupt Flag in CPU B's Interrupt Control! and Status 
Register and CPU B sets the IPCA Interrupt Flag in CPU A by 
any write to location 0014, the Inter-Processor communications 
interrupt Register. This is not an actual register, but writing: any 
value here sets the other CPU IPCI flag. This inter-processor 
communications is illustrated in Figure 7. 


Interrupt Control And Status Register (ICSR) 





Bit 7  Inter-Processor Communication (IPC) Interrupt Flag 
(A or B) 
1 An inter-processor interrupt is requested by the other 
CPU 

0 No internal interrupt is requested 
Bit6 PF2 Low Interrupt Flag (A and B) 

1 PF2 is low 

0 PF2 is high 
Bit5 PF1 Negative Edge Detect Interrupt Flag 

1 A positive-to-negative transition on PF1 occurred 

0 No positive-to-negative transition on PF1 occurred 
Bit4 PFO Positive Edge Detect interrupt Flag 

1 A positive-to-negative transition on PFO occurred 

0 No positive-to-negative transition on PFO occurred 
Bit3  Inter-Processor Communication Interrupt Enable 

(A or B) 

1 Enables inter-processor communication interrupt (bit 7) 

0 Disables inter-processor communication interrupt (bit 7) 
Bit2 PF2 Interrupt Enable (A or B) 

1 Enables PF2 interrupt (bit 6) 

(@) Disables PF2 interrupt (bit 6) 
Bit 1 PF1 Interrupt Enable (A or B) 

1 Enables PFt interrupt (bit 5) 

0 Disables PF1 interrupt (bit 5) 
BitO PFO Interrupt Enable (A or B) 

1 Enables PFO interrupt (bit 4) 

(8) Disables PFO interrupt (bit 4) 





Figure 7. 


inter Processor Communication 
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CLEAR INTERRUPT FLAGS REGISTER (CIFR) 


The Clear Interrupt Flags Register (CIFR) is similar to the ICSR 
in that only one address is used but the bit pattern operates only 
on the status bits for its own processor. Thus only CPU A may 
clear |PCA but either may clear the edge detection flag bits. Bit 
6 will only be cleared when the signal on PF2 goes high. 
Actually, the Clear Interrupt Flags Register is not a register at 
all, but addressing a bit pattern to this location performs the 
function. Any bit to which a zero is written will clear the corre- 
sponding interrupt flag. A read of this word returns logic one’s 
so that the new Reset Memory Bit instructions may be used to 
clear these flags. 


Clear Interrupt Flags Register (CIFR) 


NOT USED 





Bit? Clear Inter-Processing Communication Interrupt Flag 
1 Has no effect on the IPC Flag 
0 Clears the IPC Interrupt Flag (specific CPU, A or B) 
Bité6 Not Used 
itS Clear PF1 Interrupt Flag 
1 Has no effect on the PF1 Interrupt Flag 
0 Clears the PF1 Interrupt Flag (elther CPU) 
Bit4 Clear PFO Interrupt Flag 
1 Has no effect on the PFO Interrupt Flag 
0 Clears the PFO Interrupt Flag (either CPU) 
Bit 3-0 Not Used 


OUTPUT ONLY PORT E 


The output characteristics of Port E are identical to that of the 
bidirectional ports. The main difference is that there Is no data 
direction register and also no capability of reading the infor- 
mation being output. Attempting to read Port E loads indeter- 
minate data onto the internal bus. 


Port E is a dual function port which, in addition to being an 
output port, can also serve as address bits A15 through A8 
when the R65C00/21 is addressing external memory and I/O 
devices. This is discussed in more detail under Bus Extension 
and Host Interface. 


INPUT ONLY PORT G 


The input characteristics of the 4-bit Port G are the same as a 
bidirectional port in an input mode. The difference is that only 
four bits are input into the least significant bits of the data reg- 
ister and the most significant bits are loaded as zeros. 
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COUNTER/TIMERS 


There are two separate 16- bit counter/timer systems in the 
R65C00/21 : Counter/Timer A and Counter/Timer B. The block 
diagram of the counter/timers (also referred to as the timers, the 
counters, Timer A, or Timer B) is shown in Figure 8. Timer A 
has eight operating modes and five registers while Timer B has 
four operating modes and four registers. Both counter/timers | 
have a 16-bit counter comprised of two 8-bit segments: Lower 






DATA BUS 








Counter (LCA and LCB, where A and B refer.to Counter/Timer 


‘A and B) and Upper Counter (UCA and UCB). Both counter/ 


timers also have a 16-bit latch. section consisting of two 8-bit 
segments: Lower Latch (LLA and LLB).and Upper Latch (ULA 
and ULB). In addition, only Timer A has an 8-bit Snapshot Latch 
(SLA) register. 





+128 
PRESCALER 


‘pa 








Figure 8. Counter/Timer Block Diagram 
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Data are written to the latches which act. as holding registers for 
loading or reloading, the initial counter/timer values upon mode 
initiation or counter/timer restart. 


Both timers count down from the pre-set latch value and set an 
appropriate underflow flag when. the counter counts through 
zero. The counter actually. never counts below. zero. At the time 
the counter would go negative, thé contents of the latches 
replace the count value with no time delay. 


Each counter/timer has three addresses for accessing the five 
(Counter/Timer. A) or four (Counter/Timer B) 8-bit registers in 
its system. Consequently, the R/W line also aids in addressing 
the registers. Reading or writing to specific registers may also 
have other effects such as clearing an interrupt flag or trans- 
ferring latch data to the counter. Consult the input/output and 
control register memory map in Table 2 for the effects of reading 
or writing to specific registers in the two counter/timer systems. 


Each counter/timer has operating modes which are clocked 
either at the system clock rate (2) or an external event clock 
rate. In addition, Timer A can operate with a prescaled 92/128 
clock rate. 


COUNTER/TIMER A (TA) 


Counter/Timer A, with its four additional modes and Snapshot 
Latch, is generally more flexible than Counter/Timer B. 


The Snapshot Latch (SLA) solves a problern which sometimes 
occurs when a timer is read. The. problem is:that between the 
time when the low byte of the 16-bit.counter is read and the time 
when the high byte is read it is possible for the high byte to have 
been decremented. The resulting 16-bit value would, in this 
case be incorrect: In many,modes of timer, the values are not 
actually read but the zero count transition is important. These 
types of applications do not require the use of the Snapshot 
Latch register. Ifthe timer count value is to be used directly from 
a running timer, however, the Tuner A Snapshot Latch should 
be used. ~ 


Timer A overcomes the problem stated above by sampling the 
value of the upper counter byte’ into the Snapshot Latch every 
time the lower counter byte is read. The value of the Upper Coun- 
ter can be obtained by first reading the Lower Counter at address 
0017, then reading the Snapshot Latch at address 0018 or 0019. 


Note that reading address 0019 also resets the Timer A Under- . 


flow we flag. 


A second architéctural difference beneah the two timers is that 
Timer A can have Its'clock input scaled down by a factor of 128 
during normal power operation. ‘This allows Timer A to measure 
longer periods of time internally while the microcomputer in 
operating at the @2 system clock rate. With a 4 MHz system 
clock, more than two second time intervals (up to 2.097 sec- 
_ohds) can be measured directly without any software interven- 
‘tion. Without the prescaler, 16. 3684 ms is the longest time interval 
at 4 MHz. 
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Timer A Mode Control 


The operation of Timer A is controlled and monitored by the 
Timer A Control and Status Register (TACRS). 


Bits 0-2 select the Timer A mode of operation. 


Bit 3, when set to a 1, causes the clock prescaler to be switched 
into the circuit so that the. timer may count longer intervals in 
modes which allow it. 


Timer A Interrupt Enable, TACSR bit 4, if set to a 1 by a CPU, 
enables generation of an internal IRQ to that CPU when the UFA 
flag is set. 


Bit 6 copies bit 3 of Port F (PF3) as this bit has several different 
uses with Timer A. However, when Timer A Is not using this bit 
it may be used as any other input or output bit. In any event, bit 
3 of the Port F Data Direction Register must be set appropri- 
ately, for either input or output, whether or not it is used with 
Timer A. 


Bit 7 is the UFA bit which indicates that Timer A has counted 
down through zero. This may be detected by reading the bit or 
may be used to cause an IRQ interrupt if bit 4 of the TACSR is 
set to a 1. The UFA flag is reset to a 0 by reading SLA or writing 
ULA at address 0019. 


Timer A Control And Status Register (TACSR) 


TIMER A 


MODE. 
SELECT 





Bit 7 Timer A Underfiow Flag (UFA) 
4 Underflow condition occurred 
0 No underflow 


Bit 6 Port F Bit 3 (PF3) Level 
1 PF3-High 
0 PF3 Low 


Bit 5 Not Used (Don't care) 


Bit 4 Timer A Interrupt Enable 
1 Enable Timer A Interrupt 
0 Disable Timer A Interrupt 


Bit 3 Timer A Clock Prescaier Enable’ 
1 Enable Clock Prescaler (82/128) 
0 Disable Clock Prescaler (#2) 


Bits 2 to 0 Timer A Mode Select (TAMS) 


Timer A Off 

Free-Run Event Counter Mode’ 

Free-Run Pulse Width Measurement Mode’ 
Retriggerable One-Shot Timer Mode" 
One-Shot Interval Timer Mode * 

Free-Run Interval Timer Mode 

One-Shot Pulse Generation Mode 
Free-Run Pulse Generation Mode 


—=22320000|N 
=O-0-o0-alo 


Note: 

1. Prescaler must be disabled {bit 3=0) for Free-Run Event Counter 
Mode, Free-Run Pulse Width Measurement Mode, and Retrigger- 
able One-Shot Timer Mode. These three modes do not allow 
prescaling. 
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Timer A Operating Modes 


The Timer A mode of operation is selected by setting bits .0-2 
of the Timer A Control and Status Register (TACSR) to the 
appropriate code. 


Timer A Off, Mode 0 


Timer A is turned off in this mode. The Timer A Underflow Flag 
(UFA) stays at its current state. The counter holds its current 
value and may be read. Writing to the registers performs the 
usual functions associated with that address but the counter 
remains stopped. This is the default condition. 


Timer A Free-Run Event Counter, Mode 1 


The Timer A Upper Counter (UCA) and Lower Counter (LCA) 
is loaded with the Timer A Upper Latch (ULA). and Lower Latch 
(LLA) value when the data is written to the Timer A Upper Latch 
at address 0019. Timer A then decrements by 1 at each neg- 
ative transition of the signal on input Port PF3. (The Port F data 
direction register must have a 0 in bit 3.) The Timer A Underflow 
Flag (UFA) is set to t when the counter decrements below zero. 
At this same time, the latch value is reloaded into UCA.and LCA. 
The maximum rate of the signal on PF3 which may be detected 
is one-half of the 62. system clock rate. 


Timer A Free-Run Puise Width Measurement, 
Mode 2 


_ Writing to ULA at 0019 transfers the 16-bit latch to the counter 


which operates as a timer in this mode. The initial value in the 


timer is decremented at the 92 rate when the PF3 signal is low. 
Otherwise, the counter holds its value. Counting stops when the 
PF3 signal goes high and will resume if the signal goes low 
again. If the counter counts below zero, the counter initial value 
is reloaded from the latches and the UFA flag is set. 


Timer A One-Shot Retriggerable Timer, Mode 3 


This mode is similar to Mode 4:except that the timer restarts 
each time PF3 goes through a high-to-low transition and counts 
down until the counter goes through zero. A second difference 
is that the clock prescaler may not be used with this mode. The 
data direction register bit 3 (PF3): must be zero to select input. 


Timer A One-Shot Interval Timer, Mode 4 


Writing to ULA at 0019 transfers the initial value from the latches 
‘and starts the timer. The timer counts at either the 92, or scaled 
92 (2/128), rate. When the counter counts through zero, the 
latch value is transferred to the counter, the UFA flag is set and 
the counter stops counting. 


Timer A Free-Run Interval Timer, Mode 5 


Writing ULA at 0019 transfers the 16-bit latch value to the timer 
and starts it running. The counter counts down at either the 22, 
or the scaled @2 (2/128), rate. When the counter counts through 
zero the UFA flag is set, the value in the latches is transferred 
to the counter, and the counter continues to count down. 
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Timer A One-Shot Pulse Generation, Mode 6 


The PF3 data direction register: bit must be set to a 1 before 
starting this mode to initiaty force'a high output. Writing ULA 
at 0019 starts the timer and clears the PF3- data output bit to 


-a 0 causing a low output. The PF3 output remains low until the 


timer counts through Zero. At this time, the PF3 output goes high 
until the mode is restarted or a new mode is selected. The UFA 
flag is also set at this time and the counter is stopped. The timer 
counts at either the gz, or the scaled une (92/128), rate. 


Timer A Free-Run Pulse Generation: ‘Mode 7 


The data direction register for PF3 must be set to’a 1 to select 
the PF3 output before starting this mode. Writing.to ULA at 
0019 sets PF3 to 0 forcing a low output and starts the timer. 
Each time the timer counts through zero, the PF3 output changes 
state to generate a square wave at a rate dependent upon the 
latch value. The timer counts at either 22, or the scaled 22 (g2/ 
128), rate. Each time the counter counts through zero, the latch 
contents are automatically transferred to. the timer registers and 
the. UFA: flag is set. 


COUNTER/TIMER B (TB). 


Timer B is a simpler timer than ‘Timer f A but it still retains, great 
flexibility. Unlike: Timer’A, there is no “off” mode (the default 
mode is the.Free-Run Interval Timer Mode) and there is no séep- 
arate selectable clock prescaler. All counting (except for counting 
external events) is:done either at the 2 clock rate or 2/128 
rate (when low power mode is Selected). Another difference is 
that Timer'B does not have’ the snapshot fatch register for 
freezing the upper timer byte for reading. However, in its normal 
modes the counter counts through zero to set the Underflow 
Flag B (UFB) so that a snapshot latch register is not required: 


Timer B Mode Control 


The operation of Timer B is controlled and monitored by the 
Timer B Control and Status Register (TBCSR). 


Bits 0-1 select the Timer B operating mode. 


Timer B Interrupt Enable, bit 4, when set to a 1 by a CPU, 


enables generation of an. internal interrupt request (IRQ) to that 
CPU when the UFB flag is set. 


Bit 6 of the TBCSR copies bit 4 of Port F (PF4) as this bit has 
several different uses with Timer B. However, when. Timer B is 
not using this bit it may be used as any other input or output bit. 
In any event, bit 4 of the Port F Data-Direction Register must 
be set appropriately for either input or output whether or not it 
is used with Timer B. 


Bit 7 in the TBCSR is the UFB bit which indicates that Timer B 
has counted down through zero. This may be -detected by 
reading the bit or may be used to cause an IRQ interrupt if bit 
4 of the TBCSRA is set to a 1. The UFB bit is reset by either 
reading UCB or writing to ULB at address 001D. 
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Timer 8 Control and Status Register (TBCSR). 


TIMER B 


MODE 
SELECT 





Timer B Underflow Flag (UFB) 
1 Underflow condition occurred 
0. No underflow 
Bit 6 Port F Bit 4 (PF4) Level Indicator 
1 - PF4-High ; 
0  PF4 Low 
Bit 5 Not Used (Don't care) 
Bit 4. Timer B Interrupt Enable 
1 Enable Timer B Interrupt 


0 Disable Timer B Interrupt 


Bits 3-2. Not Used (Don't care) 

Bits 1-0 Timer B Mode Select (TMS) 

1 

0.60 Free-Run Interval Timer Mode 

0 1 Free-Run Pulse Generator Mode 
1 0 Event Counter Mode 

1 1 Pulse Width Measurement Mode 


Timer B Operating Modes 


The Timer B operating mode is selected by setting bits 0 and 
1 in the TBCSR to the appropriate code. 


Timer B Free-Run Interval Timer, Mode 0 


Writing to Timer B Upper Latch (ULB) at 001D transfers the 
16-bit latch value to the timer and starts it running. The counter 
counts down at the #2 rate. Wheh the counter counts through 
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zero, the Timer B Underflow Flag (UFB) is set to a1, the value 
in the latches is transferred to the counter and the counter con- 
tinues to count down. 


Timer B Free-Run Pulse Generation, Mode 1 


The data direction register for PF4 must be set to a 1 to select 
PF4 output before starting this mode. Writing to ULB at 001D 
sets PF4 to 0 to force the PF4 output low and starts the timer. 
Each time the timer counts through zero, the PF4 output changes 
state to generate a square wave at a rate dependent upon the 
initial value loaded into the latches. The timer counts at the 2 
rate. Each time the counter counts through zero, the latch values 
are automatically transferred to the timer registers and the UFB 
flag is set toa. , 


Timer B Event Counter, Mode 2 


The data direction reglster bit for PF4 must be set to a O to select 
PF4 input prior to selecting this mode. The counter is loaded 
with the latch value when the ULB data is written to address 
001D. Timer B then decrements by 1 at each negative transition 
on input Port PF4. The. Timer B Underflow Flag (UFB) is set to 
a 1, when Counter B counts through zero. At this same time, 
the latch value is reloaded into Timer B. The maximum rate of 
the signal on PF4 which may be detected is one-half of the 92 
clock rate. 


. Timer B Pulse Width Measurement, Mode 3 


Writing to ULB at.001D. transfers the 16-bit latch value to the 
counter. The initial value in the timer is decremented at the g2 
rate when the PF4 signal is low. Each time the PF4 signal goes 
high, the counter stops and then continues when the signal is 
low again. If the counter counts through zero, the UFB flag is 
set to 1 and the latch value transfers to reinitialize the counter 
and the countdown continues as long as PF4 is low. 
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- Dual CMOS Microcomputer/Microprocessor 


BUS EXT ENSION 


In addition to its application as.a single-chip microcomputer, the 
bus extension made allows the R65C00/21 to operate as a micro- 
Processor with external memory and 1/0. 


BUS EXTENSION MODE 

When the R65C00/21 is used as a single-chip microcomputer, 
all of the output ports may be used as input or output ports. 
However, to use the Res5c00/21 with external ROM, RAM, or 
VO, a number of the ports. act as extensions of the internal 
address and. data buses. Specifically, Port D becomes dedi- 
cated as a multiplexed 8-bit data and address bus. Port D pro- 
vides both the data bus (DO through D7) and the low bits of the 
address (AO through A7) on pins PDO through PD7. When a bus 
extension mode is selected, the Port D Data Direction Register 
must be cleared to zero (its default condition) to configure Port 
Das al inputs. The R65C00/21t then controls Port D as an 
extension of the internal bus structure and. provides an active- 
low External Memory Select (EMS) strobe signal at the time the 
address bits are available. The EMS: signal is present even 
when Port D is being used as a normal input/output register. 


The R65C00/21 has the option of using 8-, 12- or 16-bit address 
bus extensions, Selection of the bus extension mode is con- 
trolled by bits O.and 1 of the Bus Control Register (BCR). When 
the 8-bit mode is selected, only the Port D multiplexed address/ 
data bus function is required.. However, if either the 12- or 16- 
bit address bus extension is selected, ‘either one half or all of 
output Port E also becomes dedicated to the bus extension 
function. If a 16-bit bus extension is selected, then all of Port E 
becomes the upper address bits A8 through A15 on pins PEO 
through PE7, respectively. If the 12-bit bus extension is selected, 
then the address lines A& through At1 appear on PEO through 
PE3. In this case, PE4 through PE7 have their usual output 
function. 


Since Port Dis multiplexed, it is necessary that external latches 
be supplied to hold the lower eight bits of the address bus. The 
EMS output is low when the address is being supplied from Port 
D. All of the other necessary control bus signals are also pro- 
vided; these include $2 and R/W. The SYNC and QA signals are 
also brought out for use by development systems and bus ana- 
lyzers for system debugging. 


In a one-chip configuration, the 128 bytes of internal page one 
RAM (address 0180 through 01FF), is logically combined with 
page (0080-00FF). However, when an extended bus is used, 
the stack page may be addressed in its normal range in external 
memory (0100-01FF). When bit 4 of the Bus Control Register 
is a OQ, page one is internal and shared with page zero; when it 
is a 1, page one is external allowing full 256 bytes available to 
the two stacks. 
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‘Figure 9.is an overall block diagram of a system using the 


R65C00/21 in the bus extension mode. 


The CPU A Active signal (bit 7 of the BCR) is high when CPU 
A is controlling the system bus, and low when CPU B is active. 
This bit copies the state of the @A output signal. Consequently, 
the bit may be sampled in common subroutines to determine 
the calling CPU, or. for bank selection purposes. Thus, CPU A 
and CPU B may have some external memory or VO dedicated 
to their exclusive use. Each may separately address as much 
as 59.5K bytes of external memory maps or external memes 
may be shared. 


Bus Control Register (BCR) 








Bit 7 CPU A Active... 
1 CPU A active 
0 CPU B active 
Bits 6-5 Not Used (Don't Care): 
Bit 4 ‘Page One Extérnal/interrial Mapping 
1 Page One External. 
8) Page One internal 
Bits 3-2 Port A Write Nibble Control’ 
3 2 oe 
xe) 0 CPU A writes to both halves (PAQ-PA7). — 
0 1 CPU A writés to upper half (PA4-PA7); CPU B 
writes to lower half (PAO-PA3). 
1 0 CPU Awrites to lower half (PAO-PA3); CPU B writes 
to upper half (PAQ4-PA7). 
ot 1 CPU B writes to both halves (PAO-PA7). 
Bits 1-0 Bus Extension Mode 
1 0 
0 0 Bus Extension Mode not selected. 
Oo 1 8-bit Address Extension Mode. Range equals 256. 
1 0 12-bit Address Extension Mode. Range equals 4096. 
1 1 16-bit Address Extension Mode. Range equals 
65,536. 
Note: 


“Either CPU may read the full port at any time. 
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R65C00/21 
DUAL | 
MICROCOMPUTER 


UP TO 
59.5K BYTES 
__ EXTERNAL 
MEMORY. 
a AND 
| PERIPHERALS 


| PORT D _ DATA: 8 | 


NOTE: 
_ ‘UPPER ADDRESS EXTENSION MAY BE 0, 4 OR 8 LINES. 





‘Figure 9. Bus Extension Mode Block Diagram 
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PROGRAMMABLE PERIPHERAL 
TO A HOST MODE 


An overall. block diagram of a system using an Re5C00/21 as 
an intelligent controller is shown in Figure 10. 


In this configuration, three of the R65C00/21 input/output ports 
have special significance. Port C becomes the interface with the 
host data bus (Port C’s Data Direction Register must specify as 
the input; i.e., all zeros). Pin PF7 becomes an active-low Host 
Interrupt (HINT) line, and the 4-bit input Port G becomes the 
control pins interface to the Host computer. 

‘The RA65C00/21 is configured to operate as a peripheral for 
either the R6500 or 6800 families, or the Z80 or 8080 families. 
When operating in the 6500/6800 mode, PGO is an input for the 


host 92 (H@2) and PG1 is the input for the host R/W (HRW) 


control lines. 


When operating in the Z80/8080 mode, PGO accepts the host 
RD (HRD) control and PG1 provides the host WA (HWA) control. 


In both cases, PG2 serves as a register select (HRS) and PG3 
acts as an active-low chip select-(CS) from the host. HRS is 





used in conjunction with the CS and HWR to control reading or. 


writing of data or status information as shown in Table 4. 


Control of the host mode options is provided by the Host Control 
and Status Register (HCSR). 


When the host writes a byte into the Input Butter (Port C), the 
Input Buffer Full (IBF) flag is set to a 1. Similarly, when a byte 
is read from the Output Buffer (Port C) by the host, the Output 
Buffer Full (OBF) flag is cleared to.a 0. Setting bit 3 of the HCSA 
enables generation of an internal interrupt request (IRQ) when 
either the IBF flag is a1 or the OBF flag is a 0. This logic ‘is 
duplicated for both CPU's. 


Setting bit 2 of the HCSR to a 1 enables generation of any 
interrupt signal to the host computer. In this case, bit 7 of Port 
F is pulled low by either a write to Port C (Output Buffer) or a 
read from Port C (Input Buffer), by either of the R65C00/21 
CPU's. 


Bit 5 of the HCSR is actually two different bits representing Reg- 
ister Select Input (RS!) and Register Select Output (RSO). The 
R65C00/21 writes bit RSO and reads bit RSI, while the host 
writes RSI and reads RSO. The R65C00/21 writes a 0 to this 
bit when Port C is addressed at 0002 and a 1 when Port C is 
addressed at 0003. When the host writes to the R65C00/21 
through Port C, the level of the HRS input is copied into the RSI 
bit. This bit allows the communications between the host system 
and the R65C00/21 to flag the type of data being transferred 
so that command information may be distinguished from data. 
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Dual CMOS Microcomputer/Microprocessor 


Table 4. .Register Select Control | 


Host Function 
(6500/6800 Mode) 


Host Interface Deselected 
Write Input Buffer, . 

HCSR5 RSI cleared, set IBF 
Read.Output Buffer, Clear OBF 
Write Input Buffer, 

-HCSRS5 RS1 set, set IBF 
‘Read upper 3 bits of HCSR; 

OBF, IBF & RSO 


Host Function 
(8080/Z80 Mode) 


' Deselected: 

Write Input Buffer, 

HCSR5 RSI cleared, set IBF 

Read Output Buffer, Clear OBF 
r Write Input Buffer, 
| HCSRS5 AS1 set, set IBF 
Read upper 3 bits of HCSR; - 
OBF, IBF & RSO 





(PGO) 
H = = = 





VOA | 
INT 
NoT | ENBL | HOST 


VOB | ENBL | ENBL | TYPE 
INT 


ENBL 


HOST HOST 
BUS | BUS 


USED 





Bit 7 Output Buffer Empty (OBE) Flag 
1 Output Buffer Full 
0 Output Buffer Empty 
Bit 6 Input Buffer Full (IBF) Flag 
1. Input Buffer Full 
0 Input Buffer Empty 
Bits Register Select 
_— Distinguishes commands from data. Host reads 
: RSO and R65C00/21 reads ASI. Selection of 1 or 0” 
to represent commands or data is user defined. 
Bit 4 Not Used. (Don't care) 
Bit 3 Input/Output Buffer Interrupt Enable 
1 Enable IRQ IBF = 1) 
0 Disable IRQ ~ 
Bit 2 ‘Host Interrupt (HINT) Output Enable 
1 Disable HINT Output to Host 
0 Enable HINT Output to Host (OBF = 1) 
Bit 1 Host Bus Enable 
1 Disable Host Bus 
0 Enable Host Bus 
Bit 0 Host Bus Type 
4 Host Bus is 2680/8080 
0 Host Bus is 6500/6800 
Note: 


Register is cleared to all zeros by RES. 
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R65C00/21 
DUAL 
MICROCOMPUTER 
USED 

AS AN 
INTELLIGENT 
CONTROLLER 


tet 


Dual CMOS Microcomputer/Microprocessor 





PORT C HOST DATA BUS 8... 





Figure 10. Host Mode Block Diagam 


EMULATION MODE 
The -R65C00/21 can operate’ in an emulation mode under exter- 
nal signal control. 


Emulation mode deselects the internal ROM and enables the 
-16-bit Expanded Bus mode, independent of.the bus mode pro- 


be External Bus cycles. Accesses to the Data Direction Register 
for Port D are also forced external. 


To ‘further aid program ‘development in emulation mode, ail bus 


"cycles which perform a memory or VO write operation, whether 





~*,- the true destination is internal or extemal, will assert the External 


327 


_ Memory. ‘Strobe (EMS). signal. This allows a copy of internal reg- 
618s ister and mémory values to be kept in external memory. 
‘grammed in the Bus Control Register. Since the Expanded Bus :. 
mode uses peripheral Ports D and E, provision is made for 
these to be emulated in external hardware. This is accom-. 
plished by forcing all memory references to Ports D and E to’ 


. Emulation mode. is. selected by ‘applying the g2 output clock - 
. signal to the RES > input pin. 








R65C00/216 R65C28 - a .  Dual-CMOS Microcomputer/Microprocessor 


INSTRUCTION: SET IN ALPHABETIC SEQUENCE 





The following table contains a summary of the R65C00/21 and The instructions notated with a * are added instructions for the 
R65C29 CPU instruction set. For detailed information, consult R65C00/21 and R65C29 which are not part of the standard 
the R6502 Microcomputer System Programming Manual, Order 6502 instruction set. 

No. 202. 








Instruction Set in. Alphabetic Sequence 


|_wromene Description 


Load Accumulator with Memeae 

Load Index X with Memory 
Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 
















Description 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator: ; 
Shift Left One Bit (Memory or Accumulator) 













Branch Always 
Branch on Bit Reset Relative 

Branch on Bit Set Relative 

Branelon Carry Clear 

Branch on Carry Set . 

Branch on Result Zaro 

Test Bits in Memory with Accumulator - 
Branch en Result Minus °° 
Branch on Result not Zero. 

Brarich on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set — 











Muttiply 








No Operation 









“OR” Memory with Accumulator 
















Push Accumulator or Stack 
Push Processor Status. on Stack 
Push Index X 

Push Index Y 

Pull Accumulator from Stack 

Pull Processor Status from Stack 
Pull Index X 
Pull Index Y 



















Clear Carry Flag 

Clear. Decimal Mode 

Clear’ Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
















Reset Memory Bit 
Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 









































Compare Memory and Index X Return from Interrupt 
CPY Compare Memory and Index Y Return from Subroutine 
DEC Decrement Memory by One Subtract Memory from Accumulator with Borrow 
DEX Decrement Index X‘by One. ... . Set Carry Flag 
DEY Decrement Index Y.by One Set Decimal Mode 
Set Interrupt Disable Status 
EOA “Exclusive-Or' Memory with Accumulator Set Memory Bit 
: Store Accumulator in Memory 
INC Increment Memory by One Store Index X in Memory 
INX Increment Index X by One Store Index Y in Memory 
INY Increment Index Y by One 








Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 







Jump to New Location 
Jump to New Location Saving Return Address ~ 







3-28 





sekg jo squnN = # Lig Mowey = ‘W 
sepAd jo sequny = w 1q Mowew e6ed asez Je1sejeg = "IW 
sO BASHING = A syed yoRys 16d Aowey = "W 
1O= A- -sseuppe anoeye ued Lowey =. W 

Puy = y ] soweinwnay = 

penqng =  - AMOpUL = A 

Py = ° x Mapu =X 

9 Wag Aowey = “Ww GN39371 


RY 


T SUMMA 





“Dual CMOS Microcomputer/Microprocessor 


INSTRUCTION SE 


43] 20] Zo} cay ev] 26 i 


300W ONISSaHady 


R65C00/21¢R65C29 | 


Ono n@tet & 


4254558 


‘ssauppe ebed o1ez palyoeds ou) JO play elep 10-8 saya 'S 


“ynses 0192 UO payveyo aq Isnw JVENWNOTE 
PyfeAU! S} Gey 7 apow (eundep Ui 4 “p 
moog = (D) jou AED ‘¢ 
e6ed jualayip 0) SiNd90 Yyoue1q }1.N O12 PRY 
abed awes 0) 610990 YIUBG YN O14} ppy “2 
> passaud $s! Ayapunog 26ed IN O14 PPy “+ 


:S@ION 


“9h vO WAV 
arg hes 


oe 


A-tH S—1-S 
XSW S—1-S 
dW S—1-S 
WW SH1-S 
S~l S:SW-A 
S-l S SA—X]. 
Sols SHd 


(2) 1 A uo youerg 
(2) 9=A uo que 





3-29 





R65C00/21 ° R65C29 | ‘Dual CMOS Microcomputer/Microprocessor 


INSTRUCTION SET OPERATION CODE MATRIX 


The following matrix shows the op codes associated with the 
R65C00/21 and A65C29 CPUs. The matrix identifies the 
hexadecimal code, the mnemonic code, the addressing mode, 


the number of instruction bytes, and the number of machine 
cycles associated with each op code. Also, refer to the instruc- 
tion set summary for additional information on these op codes. 















































































































































































a bso 0 1 2 
8 : 
= BRK ORA MUL 
0 | Imptied | (IND, X) | knplied 
17 26 1 
ORA 
1 | Relative | (IND), Y 
2a°7); 2 5" 
JSR AND 
2 | Absolute] (IND, X) 
3 6 26 
BMI AND 
3 | Relative! (IND, Y) 
2'2"|.2 5 
RTI EOR 
4 | Implied | (IND, X) Implied 
16/26. t3 
BYvC €EOR Cuil 
5 | Ralative| (IND), Y Implied 
2 2" i 1-2 
ATS PLA 
6 | Implied Implied 
1 6 | 144 
BvVSs SEI 
7 | Relative ‘Implied 
2 2° 12 
OEY 
8 Implied 
9 
A Implied 
A 2h 
CLV LDA TSX LDY 
B Implied | ABS, Y | Implied ABS, X 
12 3°04 1 2 34 
+ 4 
_ INY CMP | DEX CPY 
CG \mplied Implied 
D | Relative} (IND), Y 
22° | 2 5° 











BRK | —OP Code 
O | implied | —Addressing Mode 
1 7 | —Instruction Bytes; Machine Cycles 


*Add 1 to N if page boundary is crossed. . 
"Add 1 to N if branch occurs to same page; 
Add 2.to N if branch occurs to different page. 


—New Opcode 
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VO PORT WAVEFORMS—ALL PORTS 


PORT INPUT 


PORT OUTPUT 


TTT DN |XZTTT7 





VO PORT TIMING—ALL PORTS 


ae “Output Data ‘Delay Time 
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AG5C00/21eR65C29 Dual CMOS Microcomputer/Mitroprocessor 








EXPANSION BUS TIMING ' : 
Veco = 5,0V + 10%, Ta. = 0°C to. 70°C 2 Nee ge by 


ee a ese 
| AWDelayTime Ty Tt 
| PE Address Delay Time Te 2100S 
[PD Address Hold Time—Read Tn 8 
{Data Delay Time—Write Tp 120 
-[_Data Hold Time—Write Tw 20 
. {Data Setup Time—Read Tsp SO 
|_EMS Delay Time—Address ValidtoEMS Low [Tema | 10 ~~ ~~ — ‘+4 
.. LEMS Delay Time—@2 toEMS Low Teme 5 
| B2 Cycle Time Tee 500 
| Pulse Width @2 Low Te 285 
[_PutseWidth@2 High Ty 285 2S 
[Pe polay Hove sie OMA Fe ne et il) 


| BA Delay Time—#2 to BA 


‘Note: 
“$2 Frequency 


WRITE CYCLE - READ CYCLE 











3-32 








R65C00/21eR65C29. Dual CMO S Microcom puter/Microprocessor 


MAXIMUM RATINGS* ps 


*NOTE: This device contains circuitry to-protect the inputs 
against damage due to high static voltages, however, ‘it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 


> Parameter 


| Symbol | 





DC CHARACTERISTICS 
Veco = +5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 






arameter 


Test Condition 


Vv : Veo = 4.5V 
‘heap = —100pA 


Vo : 0 : fa 





Vv é 
V 


Veco = 0V 


Voc = 4.5V 
loan = 1.6 mA 


Input Capacitance 
(XTALO, XTALI) 
(All Others) 





Output Capacitance 


Operating Frequency 
Crystal or Master Clock 
02 Clock 7 


Power Dissipation 





Note: Negative sign indicates outward current flow, positive sign indicates inward current flow, 
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R65C00/21eR65C29- 
PACKAGE DIMENSIONS 
64 PIN PLASTIC QUIP (QUAD IN-LINE PACKAGE) cali etene ey 
pwn [Max [wn [Max | 


[sos | _as7_| 0120 | 0.180 _| 
[ose | osi | 0028 | 0.020 _| 


omens 


uA <- 


ann 
a oe 
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g & -R65F11 AND R65F12 
. FORTH. BASED MICROCOMPUTERS 
Rockwell " 


SECTION 1 
INTRODUCTION 


1.1 FEATURES © Flexible clock circuitry 





—2-MHz or 1-MHz internal operation 


e FORTH kernel in ROM —Internal clock with external XTAL at two times internal. 
‘e Enhanced 6502 CPU frequency 


—Four new bit manipulation instructions: —External clock input divided by one or two 
Set Memory Bit (SMB) 1 2S minimum instruction execution time @ 2 MHz 


e 
et Nemo Ene) e NMOS silicon gate, depletion load technology 
Branch on Bit Set (BBS) e Single +5V power supply 
Branch on Bit Reset (BBR) © 12 mW standby power for 32 bytes of the 192-byte RAM 
—Decimal and binary arithmetic modes eee 
13 addressing modes e 40-pin DIP (R65F11) 
—True indexing e 64-pin QUIP (RE5F12) has three additional 8-bit /O ports to 
e 192-byte static RAM provide a total of 40 V/O lines. 
e 16 bidirectional, TTL-compatible I/O lines (two ports, R65F11) 1.2 MMARY 
or 40 bidirectional, TTL-compatible I/O lines (five ports, .2 SU Al 
R6SF12) ; The Rockwell R65F11 and R65F12 are complete, high-perfor- 


e One 8-bit port with programmable latched input mance. 8-bit NMOS single chip microcomputers, and. are com- 


e@ Two 16-bit programmable counter/timers, with latches. patible wat-al meribers of the R6500 family. 


—Pulse width measurement 

—Asymmetrical pulse generation 

—Pulse generation 

—Interval timer 

—Event counter 

—Retriggerable interval timer 

e Serial port 

—Full-duplex asynchronous operation mode 

—Selectable 5- to 8-bit characters 

—Wake-up feature 

—Synchronous shift register mode 

—Standard programmabie bit rates, programmable up to 
62.5K bits/sec 


The kernel of the high level Rockwell Single Chip RSC-FORTH 
language is contained in the preprogrammed ROM of the R65F11 
and R65F12. RSC-FORTH is based on the popular fig-FORTH 
model with extensions. All of the run time functions of RSC- 
FORTH are contained in the ROM, including 16- and 32-bit 
mathematical, logical and stack manipulation, plus memory and 
inputoutput operators. The RSC-FORTH Operating System 
allows an external user program written in RSC-FORTH or 
Assembly Language to be executed from external EPROM, or 
development of such a-program under the control of the R65FR1 
RSC-FORTH Development ROM. Other development ROM’s 
can also be accommodated. , 


e Ten interrupts ; . The R65F11 and R65F12 consist of an enhanced 6502 CPU, 
—Four edge-sensitive lines; two positive, two negative an internal clock oscillator, 192 bytes.of Random Access Memory 
—Reset a (RAM) and versatile interface circuitry. The interface circuitry 
=Nonmaskable includes two 16-bit programmable: timer/counters, 16 bidirec- 
—Two counter tional input/output lines (including four edge-sensitive lines and 
—Serial data received input latching on one 8-bit port), a full-duplex serial VO channel, 
—Serial data transmitted ten interrupts and bus expandability. 


Expandable to 16K bytes of external memory 
The innovative architecture and the demonstrated high perfor- 
mance of the A6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 


Document No. 29651N49 Product Description Order No. 2146 
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computational power. These features in combination with the (Order Number 201). A description of the instruction capabilites 
FORTH high level operating system make the AGSF14 and of the A6502 CPU is contained. in.the R6500 Microcomputer 
“ROSF12 ideal for migrocomputey acuta System Programming Manual (Order Number 202). 

For systems requiring. additional VO ss the 64-pin QuIP’ 1 3 ORDERING NECGMATION: 


version, the R65F12, provides three additional 8-bit ports. 


Description 
A complete RSC-FORTH development system can be cre- R65F11P | 40-Pin FORTH Based Microcomputer at 1 MHz 
ated with three MOS. parts: the R65F11, one RAM chip and R65F11AP || 40-Pin FORTH Based Microcomputer at 2 MHz 
the R6SFR1 Development ROM. R65F12Q | 64-Pin FORTH Based Microcomputer at 1 MHz 


_R&5F12AQ | 64-Pin FORTH Based Microcomputer at 2 MHz 
R65FRIP | FORTH Development ROM for R65F11 or R65F12 


This, product description isetor the reacet familiar badd ine .| RESFR2P FORTH Development ROM for expanded capacity 
A6502 CPU hardware and. programming capabilities. A. 
: neers ae R65FK2P FORTH Kernel ROM for expanded capacity 
detailed description of the R6502 CPU hardware is included development 
in the R6500 Microcomputer System Hardware Manual AS5FR3P FORTH Development ROM for. R65010 
. R6SFKP__| FORTH Kernel ROM for RE5010 


ee] FORTH Bated Mistocon puter: Use 8 Manual 


= Note: 
*Included with R65FAt. 
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FORTH Based Microcomputers 





SECTION 2 


INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
R65F11 and R65F12 single chip microcomputers. Figure 
2-1 is the Interface Diagram for the R65F11 and R65F12, 
Figure 2-2 shows the pin out configuration and Table 2-1 
describes the function of each pin of the A6SF11 and R65F12. 
Figure 3-1 is a detailed block diagram. 


FRSF 


PAQ-PA? (PAD PAI, 
POSITIVE: PA2. PAS 
NEGATIVE EOGE OETECTS) 


PBO-PBT (LATCHED INPUTS) 
DS(PAO} (INPUT DATA STROBE) 
AD-AS. A12, 

FAW, 413, ERS (Pco-Pcn 


A@-A11 ADOFYDO-D7 DATA BUS . 
(PO0-PD7) 


PagFI2 


Figure 2-1. R65F11 and R65F12 Interface Diagram 





3-37 


_| PGO-PG7 


Table 2-1. R6SF11 and R6SF12 Pin Descriptions. 











-Signat | Pin No. | Pin No. 
Name | RGSF11 | RE5F12 Description 
Vec 24 50 | Main power supply +5V 
Var 39 12 | Separate power pin for RAM. 








In the event that Voc power 
is lost, this power retains. 
., 1 RAM data. - 

1 Signal and power ground (OV) © 
Crystal or clock input for in- 
ternal clock oscillator. Also 
allows input of X1 clock sig- 
nal if XTLO is connected to 
Vsgs, or X2 oF X4 clock if 
XTLO is floated. 


Crystal output from internal 
clock oscillator. 


The Reset input is used to 
initialize the AGSF11. This 
signal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter-. | 
nal oscillator has stabilized. 


Clock signal output at inter- 
nal frequency. ; 
Anegative going edge on the 
Non-Maskable Interrupt sig- 
fel requests that a non-. 
maskable interrupt be gen- 

_ | erated within.the CPU. — 

_ Two 86-bit ports used for either 
input/output.. Each tine of 
Ports A and B consist of an 
active transistor to Vcc and 
a passive pull-up to Vcc. 

Port C has an active pull-up 
transistor. Port D has active: 

















































A12, RW pull-up and pull-down tran- 
At3, EMS sistors, Ports C and D lines 









form the external multiplexed | 
address and data bus to al- 
| low external memory ad- 
On the R65F12, Port E may 
be used for output only. Ports 
F and G are similar to Ports 

A and B in construction and | 
may be used for. inputs or 
outputs. 












PDO-PD7 
A+ATl1 
DO-D7 


PEO-PE7 
PFO-PF7 



























R65F11eRG65F12 


FORTH Based Microcomputers 








Intertace Diagram 





R65F11 Pin Out Designation 








i intertace Diagram 
PB? ° PAO 
#6 —— -— Pat 
pes Paz 
Pes ——J 4 6) — Pag 
PB3 PaAe 
PB. | Pas 
‘Pat. PAG 
iid —— R——— PA? 
PGa 
xT! ——J ig 38 == PG} 
Vee PG2. 
Van J 12 $3 pq 
gz PGO 
pas — -— nati 
6 vi 
eq? —— 18 ae PEO 
BE? PEt 
erg ——— 47 E> pao 
PFS ‘_ PES 
PFA E— pes 
PFI S 
PF2 43 = pee 
PFI per 
PFO 4) (= RESET 
ri wet 
1 
a2 ta 
: 7s | 
4 3 aras 
AMS at 
aus ater 





_RGSF12 Pin Out Designation 




















ae 


0.910 MAX 
_ (7.87 Me) 


- 0.190 MAK } 
‘(4.82 MM) = N00 a 
- _ (2.84 Mani) 


0.155 MAX 


DOT OA NOTCH ‘sass 
TO LOCATE (3.93 MM) , 0.010 MIN 
PEO: = Be (0.25 windy 
: 3 Pa 
(48.51 MM) 
* (48.00 MQ 








7 
2.060 MAK 


51.30 MM 
¢ 19 EQUAL SPACES 
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“igure 2-2. Pin Out Configuration 


3-38 


R65F11eR65F12_ 2 





FORTH Based Microcom puters 





_ SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R65F11 . 


and R65F12. Functionally the R65F11 consists of a CPU; 
RAM memory, two 8-bit parallel /O ports (five in the 64-pin 
R65F12), a serial I/O port, dual counter/latch circuits, a mode 
control register, an interrupt flag/enable dual register circuit, 
and an internal Operating System. The kernel of FORTH in 
ROM complements the system hardware. A block: diagram 
of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified 
otherwise, all memory or register address loca- 
tions are specified in hexadecimal notation. 


3.1 CPU LOGIC 


The R65F11 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, and ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 


addition, the accumulator usually ‘contains one of the two ~ 


data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bil index registers, X andy. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which: specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing. the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically. 


incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to ‘either 
user instructions, an internal iRG interrupt, or the external 
interrupt line NMI. The Stack. Pointer must be. baal by 
the user program. 


The stack allows simple implementation of muttipie level 
interrupts, subroutine nesting and simplification of many types 
.of data manipulation. The JSR, BRK, RTI and: RTS: instruc- 
tions use the stack and ‘Stack Pointer. 
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The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed”) onto the stack. Each time 
data are to be pushed onto the ‘stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addréssed by the Stack Pointer, and the Stack 
Pointer is decremerited by 1. Each time data are read (or 


- “pulled”) from the stack, the Stack Pointer is incremented by 


1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Processor Status Register 


The &-bit Processor Status Register contains seven status 
flags. Some of these flags are controlled by the user pro- 
gram; others may be controlled both by the user's program 
and the CPU. The Re500 instruction set contains a number 
of conditional branch instructions which are designed to allow 
testing of these flags. See Appendix B for details. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
-in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 


the Program Counter (PCH) is placed on the high-order 8 


bits of the Address Bus.. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


' 3.1.6 Arithmetic And Logic Unit (ALU) 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses ar to.a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.7 Instruction Register and instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 
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3.1.8,.Timing Contro! 


The Timing Control Logic keeps track pf the specific instruc- 
tion cycle being executed. This logic is set.to To. each time 


‘an. instruction fetch.is executed and -is advanced. at the: 


: beginning. of each Phase. One.clock puls@-for as.many.cycles 


as are required to complete | the instruction. Each data transfer. 


which takes place. between the registers is caused by 
decoding the. contents _Of ‘both the. instruction reginter and 
timing contro! unit. 


3.1.9 interrupt Legie 


Interrupt logic controls.'t the sequencing of ties interrupts; 
RES, NMI and IRQ. IRG\is generated by any one of eight 
conditions: 2 Counter ‘Overflows, 2 Positive Edge. Detects, 
2 Negative Edge Detects,. and 2 Serial Port Conditions. 


3.2 CPU INSTRUCTION SET 


The machine code instruction set of the R65F11 and R6SF1 2 
microcomputers are based on the popular R6S00 micropro- 
cessor set. They contain alt the instructions. in the standard 
Ri6502 set, with the addition of.the four new bit instructions 
added to the AG511 processor family. Refer to Appendix A 
for the Op Code mnemonics addressing matrix for details on 
these instructions. 


3.3 READ-ONLY-MEMORY, (ROM) 


The: ‘ROM ‘consists of preprogrammed memory” ‘with an 
address space from F400 to’ FFFF. tt contains the run time 
kernel ‘of the -high. level language : Rockwell. Single Chip 
FORTH. There are 133 included functions stored in the 
ROM. Codés aré in the format’ of a two byte code field, which 
identifies the interpreter assighied to’ ‘execute that word, fol- 
Jowed by, a variable length Parameter Field, which.contains 
the instructions ‘and data uséd by that, interpreter. according 
to the programmed intention of that definition. See Appendix 


D for a complete fist-of the:names of all included words, All: 


words needed for support of the run time operation of dedi- 
cated applications programs are included. The RSC-FORTH 
Operating System is also part of the ROM ‘code’ and is 


entered upon Reset. This Operating System allow the R65F 11. 


ahd R65F12 to auto start a user program written.in either 
RSC-FORTH or Assembly Language. or. enter a Develop- 
ment ROM if one is present. If no. auto. start program: is found, 
an attempt will be made to boot: an operating Program from 
floppy disk. 


F ee ie es my, ages sf 8 peel aa 
3.4 RANDOM ACCESS MEMORY (RAM) 
The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
JRGSF11 and RE5F12 provide a separate power pin (Var) 
which may be used for standby power for 32 bytes located 
at 0040-005F. In the event of the loss ‘of. Voc power, the 
lowest 32 bytes of RAM data will be retained if standby power 


is supplied to the Var pin. If the RAM data retention is not 


required then Var must be connected to Vig. During oper- 
ation Var must be at the Vec level. 





1. INITIAL. APPLICATION OF Voc AND Vei RR: 





For the RAM to retain data’ upon” foes ss of: Veo Var ‘must be 
supplied within operating range a q a RES must be.driven low 
at least eight 62 clock pulses before Vcc fails out of operating 
range. RES-must then be held: dow:while Vcc is out of oper- 
ating range and until at least eight $2 clock cycles after’ Vee 
is again within operating range and the internal $2 oscillator. 
is stabilized. Vang must remain within Vc¢ ‘operating ‘range: 
during normat operation. Wher Vcc is-out of operating range, 





Var must remain within the Var retention range. inorder to." 


‘retain data. Figure 3-2 shows lie wavetoms: 






RAM OPERATING MODE RAM me venTiOn aioe 


ooeegs ee 
LQ —IK® Ot = 


2 LOSS OF Voc, RAM ON STANDBY POWER. 
3 REAPPLICATION OF Vcc 
: >8 82 CLOCK PULSES ‘AFTER OSCILLATOR STABILIZATION.. 

5 >8 §2 CLOCK PULSES. 


Figure 3-2. Data Retention Timing. 


3.5 CLOCK OSCILLATOR 


A reference frequency canbe generated with the on-chip 


_oscillator using an external crystal. The oscillator reference 
" frequency passes through an internal gountdown network 


(divide by 2) to obtain the internal. apersing mrequancy (see | 
Figure 3-3a). , 


Internal timing can also be sconiied by driving the XTLI. pin 

with an external frequency source. Figure 3-3b shows typical 

connections. If XTLO is laft floating, the exjernal soiirce is” 
divided by the internal countdown network. However, if XT LO 

is tied to Vss, the internal coundown network is bypassed 

causing the chip to operate at the pmb of thé ie 

source. 


The R65F11. and ResFT2 Operate’ in: ‘the CLOCK MASTER 
-mode..In this mode a frequence Source (crystal or external 
source). must be applied to’ the XTLI and XTLQ: pins. 


NOTE: When operating at a 1 ‘MHz. internal frequency place a : 
15-22 pt capacitor between.XTLO and ‘GND.’ 


$2 is a buffered output signal which legal approximaids the. 
internal timing. When a.common external sourcé is used: to 
drive. multiple devices the internal timing between devices: as 
well as their $2 outputs will be skewed in time. .If skewing 
represents a system problem. it can be avoided’ wby..the 
Master/Slave connection. and options shown. in Figure 3-4-. 


The R65F11 and RESF124 is operated: in the. CLOCK MASTER 
MODE. A Second procéssor could be operated in the. CLOCK - 
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_SLAVE.MODE. Mask, options in the SLAVE unit convert the 
; “g2 signal into.a clock input pin. which is tightly coupled to the 
internal. timing generator. As.aresult the internal timing of the 
MASTER and SLAVE units are synchronized with minimum 
skew, If the @2 signal. to the SLAVE unit is: inverted, the 
MASTER and SLAVE. UNITS WILL OPERATE OUT. OF 

PHASE. This. approach allows the two devices to share 
external memory using cycle stealing techniques. 


XTLI 
‘| RSF11 
XTLO 


twr = 1 OR 2 MHZ 


ext = 2X tiny 


a. Crystal Input 


= 10R 2 MHZ 


2X fint ee 


tw = 1,OR 2 MHZ. 

RESFit | pt rE 
=f 

XTLO fext = fint 


Vss = 
b. Clock Inputs 


Figure 3-3. Clock Oscillator Input Options 


_ROBF11. LOR ROSF12 


| TO OPERATE 
ne ee : ouT 
OF PHASE WITH 
MASTER 


6500/11, ETC. 


"INPUT CLOCK) 


Figure 3-4. Master/Slave Connections 
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3. 6 MODE CONTROL REGISTER (MCR) 


The Mode Controt Register contains control bits for the mul- 
tiftunction /O ports and mode select bits for Counter A-and 
Counter Bi Its setting, along with the setting of the Serial 
Communications Controi: Register (SCCR), determines the 
basic configuration of the R65F11 atid.R65F12 in any appli- 
cation. The Mode Control Register bit assignment is shown 
in Figure: 3-5. MCR Bits:7,.6, 5-must remain 1's in order for 
external memory referencing to be enlabled. 


Addr 0014 


0 Interval Timer 
0—— 1 Pulse Gensration 
+——— 0 Event Counter 
e Yam 1 Pulse Width Meas. 
0o—o. Interval Timer 


0 —— 1 Asymmetric Pulse Generation 
1 ——— 0 Event Counter 
1 1 Rattiggerabte Interval Timer 
Port B Latch . 
ev {1 = Enabled) 
Port 0 Tr-Stwte 
om Te oun Impedance Mode) not stiowed.’ 
0—— x Normal’ a 
1 ——~ 0 Abbr. ae ra woes 
1——~ 1 Mus'd Bus >: 


Figure 3-5..Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1. 
The_use of Counter B Mode, Select is shown in Section 6.2. 


The use of Port B Latch Enable is shown in Section 4.4. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 


AND INTERRUPT ENABLE 
REGISTER (IER). _ | 


An RO. interrupt request can be initiated by any:or.all of eight 
possible sources. These. ‘sources are all capable of being 
enabied.or disabled by ‘the use-of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to. remain active until all interrupting conditions have been 


serviced and cleared. 


The Interrupt Flag Register contains the information’ that 
indicates which VO. or counter needs attention. The contents 
of .the interrupt Flag Register may be examined at’ any time 
by reading at address: 0011. Edge.detect IFR bits may be 
cleared in iow level code by executing a RMB instruction at 
address location 0010. The RMB X; (0010) instruction reads 
FF, modifies bit X to a "0", and writes the modified value at 
address location 0011. In this way FR bits set to:a “1” after 
the read cycle of a Read-Modify-Write instruction (such as 
RMB) are protected from being cleared. A logic "1" is ignored 
when writing to edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 





Register which can be set to a “1” by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be ck cleared by writing a “0” in the respective bit position, 
or by RES. If set to a1”, an RO will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 


Table 3-1. 


Bit 
Code 
IFR 0: 
1FR 1: 


(FR 2; 





1ER 3: 
IFR 4: 
IFR 5: 


IFR 6: 





IFR 7: 


‘Table 3-1. Interrupt Flag Reglster Bit Codes 


Function 


PAO Positive: Edge Detect Flag—Set to a"1” when a positive going edge is detected on PAO. 
Cleared by | RMB © (0010) instruction or by RES. : 


PA1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on PAI. 


Cleared by RMB 1 (0010) instruction or by RES. 
“PAQ Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected on PA2. 


Cleared by RMB. 2 (0010) instruction or by’ RES. 


PAZ Negative. Edge Detect Flag—Set to 1 when a nagative going edge is ‘detected on PAS. 


Cleared by AMB 3 (0010) instruction or by RES. 


‘Counter.A Underflow Flag—Set toa ‘when’ ‘Counter A underflow occurs. Cleared by reading 


the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 


Counter 8 Undertlow Ftag—Set to a 1 when Counter B underflow occurs. Cleared b by needing 
the Lower Counter 6 at location 001C, by writing to address location 001E; or by A 


Receiver Interrupt Flag—Sat to a 1 when any of the Serial Communication Status on bits 
0 0 through 3 is set to a 1, Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by: 


RES. 


' Transmitter Interrupt Flag—Set to a 1 when SCSR 6 is set to a 1 while SCSR Sis aQor SOSR 
a is sat to a 1. Cleared when the Transmitter. Status bits (SCSR 6 & 7) are cleared or by RES. 
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Figure 3-6. Interrupt Enable and Fiag Registers 
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3.8 OPERATING SYSTEM 
The system startup function, COLD, is executed upon Reset. 


-COLD, a high level FORTH word, forms the basis of the RSC 


Operating System. Upon reset this function initializes the 
RG65F11 or R65F12 registers to establish the external 16K 
byte memory map and disable all interrupt sources. It also 
sets up the serial channel for 1200 baud (assuming a 1 MHz 
internal clock) asynchronous transmission (seven bits, parity 


-disabled), The internal FORTH structure "W” is prepared for 


use and the low level input/output vectors are forced to point 
to the system serial channel routines. The FORTH User Area 
Pointer, UP, is assigned the value 0300 Hex. 


. Atest is made of the variable CLD/WRM in memory location 


OSOE. If this contains a value‘other than A55A Hex a cold 
reset is assumed. In this case, the low level IRQ vector, 
IRQVEC; the low level NMI Vector, NMIVEC, and the high 
level interrupt vector, INTVEC, are alt forced to point to the 
system reset routine. This prevents an unintentionally gen- 
erated interrupt from crashing the system. System variables 
TIB, RO, SO, UC/L, UPAD, UR/W and BASE are also ini- 
tlalized to their default values. 


{ HHLL = PFA OF WORD TO EXECUTE 


{ AUTO START ROM PATTERN 


1K BOUNDARY 
AUTO START FORTH PROGRAM 





Whether a warm.or cold reset, the memory map is then 
searched at every 1K byte boundary starting at location 0400 
Hex. The first two bytes at each boundary are checked 
against an A55A Hex bit pattern. This pattern indicates that 
an. auto start program is installed. The next two bytes are 
assumed to point to the Parameter. Field of the high level 
RSC-FORTH word to be executed upon reset. This may be 
the main function of a user defined program.or the start up 
routine of a Pavcbarent .ROM. Figure 3-7 details proper 
alignment. 


If no auto start ROM is found, the Operating System turns 
control-over to a program that issues a "NO ROM’ message. 
to. the systems terminal via the serial channel and attempts 
to boot.a program from disk..A.floppy disk controller, corm- 
patible with: the WD1793 type, is assumed to be present at 
address 0100 Hex. The first half of Track 0 Sector 1 is loaded 
from a double density boot diskette into RAM starting at 
address OOSF. When successfully loaded execution will be 
turned over to this boot program. 





AUTO START PATTERN 


1K BOUNDARY 
AUTO, START MACHINE CODE PROGRAM 


Figure 3-7. Auto Start ROM 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


The R65F11 has 16 VO lines grouped into two 8-bit ports 


(PA, PB) and 16 lines programmed as an Address/Data bus . 


(PC & PD). Ports A and B may be used either for input or 
output individually or in groups of any combination. The 
R65F12 has 24 additional port tines grouped into three 8-bit 
ports (PE, PF, PG). 


Multifunction VO's such as Port A are protected from normal 
port ¥O instructions when they are programmed to perform 
a multiplexed function. 


Internal pull-up resistors (FET’s with an impedance range of 
3K <= Apu < 12K ohm) are provided on all port pins. 


The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
Programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the VO ports, which simplifies /O handling. The 
VO addresses are shown in Table 4-1. 


Table 4-1. 


1/O Port Addresses 





Appendix F.4 shows the I/O Port Timing. 


4.1 INPUTS 


Inputs for Ports A and B are enabled by loading logic 1 into 
all VO port register bit positions that are to correspond to 
VO input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
ragister. A high (>2.0V) input will cause a logic 1 to be read. 
An FES signal forces. all YO port registers to logic 1 thus 
initially treating all /O lines as inputs. 


The status of the input lines can be interrogated at any time 
by reading the /O‘port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the VO port registers. 


Read/Modify/Write instructions can be used to modify. the 
operation of PA and PB. During the Read cycle of a Read/. 
Modify/Write instruction the Port VO register is read. For- alll 
other read instructions the port input lines are read. Read/ 
Modify/Write instructions are: ASL, DEC, INC, LSR; RMB, 
ROL, ROR, and SMB. 
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| (1) Resistive pull-up, active buffer pull down 
(2) Input data is stored in port B latch by PAO pulse 


4.2 OUTPUTS 


Outputs for Ports A and B are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
tegister bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, VO port 
or as seria! channel V/O lines, counter VO lines, or an input 
‘data strobe for the Port B input latch option. Table 4-3 tab- 
ulates the control and usage of Port A. 


In addition to their normal VO functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
Set a corresponding status bit in the IFR and generate ah 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detecte 4 is one- 
half the $2 clock rate. Edge detection timing is shown in 
Appendix F.4. 


4.4 PORT B (PB) 


Port B can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-2 tabulates the control and usage of Port B. An input Data 

 . Strobe signal must be provided thru PAO whan Port 8 is pro- 
‘grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix F.4. 


Table 4-2. Port B Control & Usage 


| Latch’ 
UO Mode Mode 












Pin 








nsset2 | name | Type) | Name | Type | 
- “0 
vO 
Vo 
vo 


vO 
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Table 4-3.. Port A Contro! and Usage 


~_E 


PE ! 
PAo’?) PAO vO | ° PORTB | INPUT! 
tae "’ | LATCH STROBE 


PA1-PA3 I/O 
SIGNAL 










RESF11/R65F12 
POAT) 















PASO COUNTER A I/O . : 























MCRO = 1 SCCR7 = 0 
MCRi = 0 MSRi =0 SCCRE = 0 
SCCR7 =0 . 1 SCCR7 = 0 MCRI1 = 1 


RCVR S/R MODE:= 0°) . -RACVR S/R MODE = 0"). 


68) : Oe boy, ode) 
SIGNAL an SIGNAL SIGNAL : 


SERIAL I/O SHIFT REGISTER CLOCK 


RCVR S/R MODE = 1°) 


SIGNAL 
XMTR CLOCK le OUTPUT RCVR CLOCK INPUT (1) 


MCAR3 = 0 
MCR2 = 1 


SIGNAL 











SCCR?7 = 1 
SCCRS = 1 















(1). HARDWARE BUFFER FLOAT 

(2) POSITIVE EDGE DETECT 

(3) NEGATIVE EDGE DETECT 

(4) RCVR S/R MODE = 1 WHEN 
SCCR6 » SCCR5 + SCCR4 = 1 

(5) APPLIES TO EITHER R65F11 
OR A65F12 PORT (SEE PIN 
DIAGRAM): 

(6) FOR THE FOLLOWING: MODE 
COMBINATIONS PA4 !S- 
AVAILABLE AS AN INPUT 
ONLY PIN: 

SCCR7 « SCCR6 + SCCR5- 
MCR1 + SCCR7 + SCCR6 = 
SCCR4 - MCR1 + SCCR7- 
SCCR6 + SCCR5 + SCCR7-. 
SCCR5 « SCCR4- ; 















Ce 






PA7 0 


SCCR6 = 0. SCCR6 = 1 
PA7 


SIGNAL 
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4.5 PORT C (PC) 4.6 PORT D (PD) 

Port C is preprogrammed as part of the Address/Data bus. Port © is also preprogrammed as part of the Address/Data 
PCO-PC7 function as AQ-A3, A12, R/W, A13, and EMS, bus. Data bits DO through D7 are time multiplexed with 
respectively, as shown in Table 4-4. EMS (External Memory address bits A4 through A11, respectively. Refer to the 
Select) is asserted (low) whenever the internal processor ‘Memory Maps (Appendix-C) for Multiplexed memory assign- 
accesses memory area between 0100 and 3FFF. (See ments. See Appendix F.3 for Port D timing. 

Memory Map, Appendix C). The teading edge of EMS may 

be used to strobe the eight address lines multiplexed on Port 4.7 PORT E (PE), PORT F (PF), 

D. See Appendix F.3 for Port C timing. PORT G (PG) 


Ports E, F and Gare available on the R65F12 only. Port E 
‘can only be used as outputs. Port F and Port G can be used 
‘for-inputs or outputs and are similar to Port A and Port Bin 

operation. 


Table 4-4. Port C Control and Usage 








Multiplexed 
Mode 
MCR7 = 1 
MCR6 = 1 

RG6SF11/ 

R65F12 L Signal . 
Port Name Type (1) 
PCO AQ OUTPUT 
PC1 Al OUTPUT 
PC2 A2 : OUTPUT 
PC3 AS OUTPUT 
PC4 A12 OUTPUT 
PC5 RW OUTPUT 
PC6 A13 OUTPUT 
PC7 EMS . OUTPUT 





Table 4-5. Port D Control and oe 























RESF11/ 


RE See Ee? 









RGSFi2 
pot | name Tape Ne 
PDO OUTPUT 
PD1 OUTPUT 
PD2 OUTPUT 
PD3 OUTPUT 
PD4 OUTPUT 
OUTPUT 
OUTPUT 





OUTPUT 


(1) Active Buffer Pull-up and Pull-Down 
(2) Tri-State Buffer is in Active Mode 
(3) Tri-State Buffer is in Active Mode only during the Phase 2 Portion of a Write Cycle 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 


The AG5F11 and R65Ft2 Microcomputers provide a full 
duplex Serial /O channel with programmable bit.rates and 
operating modes. The serial I/O functions are controlled by 
the Serial Communication Control Register (SCCR), The 
SCCR bit assignment is shown in Figure 5-1. The serial bit 
rate is determined by Counter A for all modes except the 
Receiver Shift Register (RCVR S/R) mode for which-an 
external shift clock must be provided. The maximum data 
rate using the internal clock Is 62.5K bits per second (@ 62 
= 1 MHZ). The transmitter (XMTR) and receiver (RCVRA) can 
be independently programmed to operate in different modes 
and can be independently enabled or disabled. 


Addr 0015 


‘0~Odd: Parity 
1~Even Parity 
0 Parity Disable 
1. Parity Enable 
0~8 Bits/Char 
1~7 Bits/Char 
O0~6 Bits/Char 
1 ~ 5 Bits/Char 


0  0XMTR & RCVR ASYN Mode 
0 1 XMTA ASYN, RCVR S/A 
1  XXMTR S/R, RCVA ASYN 


0 RCVR Disable 
t RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (ACVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled ina 
mode requiring an internal clock. , 


Whenever Counter A is required as a timing source it must 
be loaded with. the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data {in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown below. When parity is dis- 
abled, the 5, 6, 7 or & bits of data are terminated with two 
Stop bits. , 





ASYNCHRONOUS MODE WITHOUT PARITY 


T : 
Serr oaTa 
: T 
GBIT DATA 2STOP 


2 sTop 


2 STOP 








5-BIT DATA 


ASYNCHRONOUS MODE WITH PARITY 





OBIT DATA 


% 1 
Paaity| stor 


1 
START 


1 
Loran’ ; 7-B1T DATA 
5 6BIT OATA ; oa a Stor. 
TART PARITY OF e: 
1 
eraan 5-817 DATA 2STOP 


SHIFT REGISTER MODE 8-BIT DATA 
WORD M WORD M41 


SHIFT REGISTER CLOCK (Pa4) 





Figure 5-2. Bit Allocations 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are hetd 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCCR5, SCCR6 and 
SCCR7. 


IFR7 = SCSR6 (SCCR5 + SCCR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a “1.” Jn the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to Figure 
5-2 for a diagram of bit allocations. The receiver bit period 
is divided into 8 sub-intervals for internal synchronization. 
The receiver bit stream is synchronized by the start bit and 
a strobe signal is generated at the approximate center of 
each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit Is set to logic 1. 


R65F 11 « R65F12 


Sertal 
Input 
Stat Bk = =LSB 


Stop Bit Stop Bit 


Internal 
Shift 
Clock 


* Serial Input Data Shifted in 


Figure 5-3. ASYN Receive Data Timing 
In the S/R made, an external shift clock must be provided at 
CA (PA4) pin along with & bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the interna! clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


* Serial Input Data Shifted In 
**Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVA interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: , 


SCSR 0: Receiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, however, a corre- 
sponding error bit will be set to a logic 1 instead. 


SCSR 1: Over-Run Error—Set to a Jogic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register, or by RES. 


SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 


Se ASA 








3-49 








FORTH Based Microcomputers 





received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error—Set to a logic 1 when the received 

. data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR 4: Wake-Up—Set to a logic 1 by writing a “1” in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission—Set to a logic 1 by writing 
a1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


SCSR 6: Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to ‘the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit .Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run—Set to a logic 1 when the 
last data bit is transmitted if the transmitter is ina 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register, or by RES. 


RCVA Date 
Reg Full 
ACVRA Over-Run 


Parity Error 
Frame Esror 


Wake-Up 








XMTR Data Reg Empty 


L End of Tranamiésion 


XMTR Under-Run 


Figure 5-5. SCSR Bit Allocations 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
ten consecutive 1’s which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 _ 
COUNTER/TIMERS 


The R65F11 and R65F12 Microcomputers contain two 16-bit 
counters (Counter A and Counter B) and three 16-bit latches 
associated with the counters. Counter A has one 16-bit latch 
and Counter 8 has two 16-bit latches. Each counter can be 
independently pioaranniey to operate in one of four modes: 


Counter A Counter 8 
e Pulse width ° Retriggerable Interval Counter 
measurement e "Asymmetrical Pulse 
e Pulse Generation ‘Generation 
e Interval Timer e interval Timer 
e Event Counter ‘e Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Controt Register. All-counting begins at the 
initialization value and: decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A’and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16- bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA}, Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either @2 clock pulses or 
external events, depending.on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper.Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


| 
COUNTER UNOERFLOW 


counres_s [7 J+ > J ety 
COUNTER INTERRUPT ENABLED | 


SET ANY TIME BEFORE 


COUNTER UNDERFLOW FLAG COUN TEE UND Cree j | 
TRO Lo os 





Figure 6-1, interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value wil! be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the: 
Lower Counter A at location 0018, by writing lo address 
location 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. See Table 6-1. 


Table 6-1. Counter A Control Bits - 


Interval Timer 


Pulse Generation 
Event Counter _ 
Pulse Width Measurement 





The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are $2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions:. 


1. When the Counter is decremented frorn 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the- 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the g2 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 14s to 65535 
ms at the 1 MHz $2 clock rate or 0.5 us to 32.767 ms at the 
2 MHz $2 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4).is set to logic 1. If the Counter A Interrupt 
Enabie Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval. Timer Mode, PA4 
operates as a PA //O bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


in the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from tow to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave - 
The CA output is initialized high when entering the mode and 
transitions tow when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can DE 
detected is one-half the #2 clock rate. 


The Counter can count up to 65,535 occurrences before 
undertlowing. As in the other modes, the Counter A. Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
pal Wee ey el she ee 


eS 





| 
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Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse _ 
duration on the CA line. The Counter decrements by one 
count at the g2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero. the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6-3. 








Figure 6-3. Pulse Width Measurement 


6.1.5 Serial i/O Data Rate Generation 


Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial /© is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter 1/O.(PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Table. 6-2 identifies the values to be loaded in Counter A for 
Selecting standard data rates with a #2 clock rate of.1 MHz 
and 2 MHz. Although Table 6-2 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


$2 


N= ot ik 


z 
It 


decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 

the clock frequency (1 MHz or 2 MHz) 

the desired data rate. 


log 
nel 

wn 

tl 


NOTE 


In Table 6-2 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
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6-2 for those baud rates which fall outside this limit. 
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Table 6-2. Counter A Values for Baud Rate Selection 


Clock Rate 
Needed 
Actual To Get 


Standard Hexadecimal . Baud Standard 


Baud Rate At ’ Baud Rate 





50.00 
75.03 
110.04 
149.88 
300.48 
600.96 
1201.92 
2403.85 
3676.47 
4807.69 
6944.44 
8928.87 





6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 2 clock: pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001D for the Upper Counter B and at location 
OO1E or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter 8 can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch Bis trans- 
ferred to Counter 8. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IF R5) will be set 
to a "1" whenever Gounter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location OO1E, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable ‘Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 


6.2.1 Retriggerable interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001E, by a Counter B underflow, or whenever a positive edge 





occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB fine. Figure 6-4 illustrates the operation. 


LATCH 
VALUE 
COUNT 


VALUE 
aod - 





CB LINE. + 1 
RESET BY 
xy SOFTWARE 


COUNTER 
UNDERFLOWS 


COUNTER B 
FLAG. — 








Figure 6-4. Counter 8. Retriggerable Interval Timer Mode 


6.2.2: Asymmetrical Pulse Generation Mode 


Counter B has a special. Asymmetrical Pulse Generation: 
Mode whereby a pulse train with programmable pulse width 

and period can be generated without the processor interven- 

tion once the latch values are initialized. 


In this mode, the 16-bit Latch B is initialized with a value. 
which corresponds to the duration between pulses (referred 
to as:D in.the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 001D. At this point 
both Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001E. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 7 : 


2 3 


|+—p—| p|-— 


1 AND 3. COUNTER B «— LATCH B (D) 
2 AND 4. COUNTER B «— LATCH C (P) 








Figure 6-5. Counter B Pulse Generation 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON-RESET 


The occurrence of RES going from tow to high wit! cause the 
R65F11 or A65F12 to reset and enter the RSC-FORTH 
Operating System. As was described in Section 3.8, upon 
reset certain system variables will be initialized. See Appendix 
C.4 for a list of these variables names, jocations and con- 
tents. The external memory map will be searched for an auto 
start ROM. — 


A bit pattern of AS5A at a 1K byte page boundary indicates 
that an auto start program follows. The next two bytes are 
assumed to be a pointer to the high tevel RSC-FORTH word 
that is the entry point to that program. Auto start programs 
is written in assembly language, rather than RSC-FORTH, 
a series of indirect pointers as shown in 3-7 can be used to 
initiate program execution. 


7.2 POWER ON TIMING 


After application of Vcc and Varn power to the A6SF11 or 
R65F12, RES must be held low for at least eight #2 clock 
cycles after Vcc reaches operating range and the internal 
oscillator has stabilized. This stabilization time is dependent 
upon the input Vcc voltage and performance of the internal 
oscillator. The clock can be monitored at 92 (pin 3). Figure 
7-1 illustrates the power turn-on waveforms. Clock stabili- 
zation time is typically 20 ms. 
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Figure 7-1. Power Turn-On Timing Detall 


7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R65F11 or R65F12 
is put in a reset state. The registers and I/O ports are con- 
figured as shown in Table 7-1 when the external ROM is 
autostarted. 


Table 7-1. RES Initialization of 1/O Ports and Registers 


REGISTERS 
Mode Contro! (MCR) 
Int. Enable (IER) 
Int. Flag (IFR) 


Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
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APPENDIX A 
R65F11 AND R65F12 INSTRUCTION. SET 
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This appendix contains a summary of the R6500 instruction 
set. For detailed information, consult the R6500 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with a * are added instructions 
for the R65F11 and R65F12 which are not part of the stan- 


dard 6502 instruction set. 


A.1: INSTRUCTION SET IN ALPHABETIC SEQUENCE 





Mnemonic 


ADC 
AND 
ASL 


Instruction 
Add Memory to Accumulator with Carry. 
“AND” Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 










Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry.Clear 
Branch on Carry Set 

Branch on Result Zero” 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

‘Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 















Clear Carry Flag 
Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 










Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 












"Exclusive-Or’ Memory with 
Accumulator 





Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 








Jump to New Location 
Jump to New Location Saving Return 
Address 
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Mnemonic 


LDA 
LDX 
“LDY 
LSR 


Instruction 


"Load Accumulator with Memory 


Load Index X with Memory 


‘Load Index Y with Memory 


Shift One Bit Right (Memory or 
Accumulator) ° 


No Operation 


“OR” Memory with Accumulator 


Push Accumulator on Stack 


Push Processor Status on Stack -. 
Pull Accumulator from Stack. | 
Pull Processor Status from Stack - ° 


Reset Memory Bit . 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory or: 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 


Borrow 

Set Carry Flag. 

Set Decimal Mode 

Set Interrupt Disable Status 
Set Memory Bit 

Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 


Transfer Accumulator to index X __ 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


ORA 
(IND), ¥ 
25 
JSA AND 
Absolute] (IND, X) 
36128 


3°47 
BMI | AND AND | 
Relative | (IND, Y) : -| 2P.X |. ABS, X | ABS, X 
227) 2 5° 2 3 4° . 


RTI EOR } 
Implied | (IND, X) 


2 
o 
3 


= 
La) 


-§ 
=f 


(INO), Y 
2 5 


RATS | ADC 
Implied | (IND, X) 
1 6 2 6 
BVS ADC 
Relative | (IND, Y) 
2e")12 5° 


Relative 


2 
° 
D. 


LY) 


TXA 
Implied 
1 2 


TYA TXS 
Implied (mplied 
12 


coy | LDA LDA | TAX LDY 
IMM_ | (IND, x) Implied implied ABS 
22/26 1 2. 1 2 34] 3 


ars 
] 





na 
nn 


4 i 

LDA CLV | TSX LDY LDA 
Relative} (IND), Y Implied _Y | Implied ABS, X| ABS, x | ABS, Y 
2a] 2 5° 1 12 3 4°/ 3 4 
CcPY | CMP INY i DEX 
IMM | (IND, X) implied implied 
22/26 1 12 


CLD 
Implied 
1 


2 
3 
: 
2 
Oo 


m 
a 


3 6 
CMP DEC 
ABS, X | ABS, X 
304 37 





cpx | sac 
"IMM | (IND, X) 
22/26 


m8 
o UP 


INX NOP 
Implied Implied 
1 : 1 2 


SE 





BAK | —OP Code 
0 | Implied | —Addressing Mode “Add 1 to N if.page boundary is crossed. 
1 7 | —Instruction Bytes; Machine Cycles **Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 


z Q 
as | AC UTAT On . es Pr fededefefe]> fe] memes 
7 0 
























INDEX REGISTER ¥ y 
7 7 Counter 8 
Mode Select ) 0 interval Timer 
(x) inex resister x x 0— 1 Pulse Gensiation 
1§ ? a 3—— 0 Event Counter 
[PCH PCL __} PROGRAM COUNTER Pc Bus Mode Select 1a 1 Pulse Width Muss. 
7 0 0 Interval Timer 
0 ——— 1 Asymmetric Pulse Generation 
[se] stace pomren s 1 0 Event Courter 
T a 1 1 Ratriggerable interval Timer. 
INjv] Js [o][' [z[¢| processor status AEG P Fon'B Lath 
(1 = Enable) 
Port D Tri-State 
O = Tri-State Mign | M 
CPU Registers ( ri-Stat igh Impedance Mode) 





1—— 1 Musd Bus 


Mode Control Register 
















canny (0) 


1= Carry Sat 
















0 == Carry Clear 'FR Aodr ao1t 
ZERO (2) 
1 = Zero Result 
0 =Non-Zero Result IER Addr 0012 
INTERRUPT DISABLE (| 
: in PAO Positive 
1 - ia Interrupt Disabled Edge Detect 
0 :: IRQ Interrupt Enabled PA\ Positive 
Edge Datect 
DECIMAL MODE (0) (1) PA2 Negative 
1 = Decimal Mose Edge Detect 
0 = Binary Mode PA3 Negative 
Edge Detect 
BREAK COMMAND (8) (1) Counter A 
1 = Break Command Undertiow Flag 
0 =Non Break Command end B 
nderfiow Flag 
OVERFLOW (0) (1) RCVR 
FI 
1 = Overflow Set XMTR " 
O= Overflow Clear Fleg 
NEGATIVE (N) (1) 
NOTES 
1 = Negative Value Not initinlized by RES | rrupt Enabl 
0 = Postive Vatue Sel to Logic 1 by ES nterrupt Enable and Flag Registere 


Processor Status Register 



















sccr Addr 0015 scsa Addr 0016 
0~Odd Parity ACVR Date 
1~Even Parity Reg Full 

0 Parity Disable ; 
1 Parity Enable ACYA Over-Run 
O~ 8 Bits/Char Parity Error 
1~7 Bite/Char 
O~ 6 Bite/Char Frame Error 
1~ 5 Bits/Char Wake-Up 





0-0 XMTR & RCVR ASYN Mode 
0—~1 XMTR ASYN, RCVR S/A 

1 —=X XMTR S/A, RCVR ASYN 

O ACVR Disable 

1 RCVR Enable 

0 XMTR Disable 

1XMTR Enable Serial Communications Status Register 


Serial Communications Control! Register 


End of Tranamiesion 





XMTR Date Reg Empty 


XMTR Under-Run 
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APPENDIXC 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 /O AND INTERNAL REGISTER ADDRESSES 











































ADDRESS A 
(HEX) READ WRITE. 
OO1F _ —_-— 

1E Lower Counter B Upper Latch B, Cntr B—Latch B, CLR Flag 
1D Upper Counter 8 Upper Latch B, Latch C--Latch.B 
ic Lower Counter B, CLA Flag Lower Latch B. 
1B -— _—-— cede 
1A Lower Counter A Upper Latch A, Cntr ALatch A, CLR Flag 
19 Upper Counter A Upper Latch A 
18 Lower Counter A, CLR Flag Lower Latch A 
17 ‘ Serial. Receiver Data Register Serial Transmitier Data Register 

16 Seriai Comm. Status Register Serial Comm. Status Reg..Bits 4 & 5 only 
15 Serial Comm, Control Register Serial Comm, Control Register 
1400 _ Mode Control Register Mode Control Register © 
i3 —— a ie ae 
12 Interrupt Enable Register Interrupt Enable Register: 
11 Interrupt Flag Register -__ . 

“40 Read FF Clear int Flag (Bits 0-3 only, Write 0's only) 
OF ees 
0E —-— 
oD _-— 
0c _— 
0B —— 
0A -— 
09 —— 











NOTE: “R65F12 Only 
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C.2 MULTIPLE FUNCTION C.3 MULTIPLEXED MODE 
PIN ASSIGNMENTS— MEMORY MAP 
PORT C AND PORT D 


110 PORT 
FUNCTION | MULTIPLEXED PORT 
REPLACED FUNCTION. 





External Memory 
(16384 — 256) 
Mux'd Addr Mode 






VO Ports E, F,G 
(F6S00/120 Only) 














je BOREL 
4 
5 
6 
7 
8 
9 
10 
11 
19 
18 
17 
16 








C.4 SYSTEM VARIABLES IN RAM 


COLD START WARM START 
ADDRESS VALUE VALUE 


IRQVEC (COLD) 
(COLD) 
(INK) 
(OUT) 
0300 
00 
6C 


CLO/WRM 
IN 
DPL 
HLD 
DISKNO. 
CURCYL 
B/SIDE 
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APPENDIX D 
TYPICAL MINIMUM HOOKUP 
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NOOR PRIM, ADDITIONAL 


DECODING WiLL AE REQUIRED 


MORE RAtd A 


NOTE FOR SYSTEM EXPANSION |1& 
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APPENDIXE | 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* *NOTE: Stresses above those listed may cause permanent 


; : damage to the device. This is a:stress rating only and functional, 

| Parameter. | Symbol | = Value —_{ ‘Unit | operation of the device at these or any other conditions above 
Supply Voltage those indicated in the other sections of this. document. is not: 
Input Voltage | ~0.3 to +7.0 


implied. Exposure to absolute maximum rating conditions:for | 
‘Operating Temperature | Tall e | °c 
fe Oto +70 


extended periods may affect device reliability. 
Commercial. ©: 


' Storage Temperature -55:to +150 


















DC CHARACTERISTICS 
(Voc = SV +5%, Vgg = 0, Ta = Oto 70°C) 


RAM. Standby Voltage (Retention Mode) _ 
RAM Standby Current (Retention Mode) 
_ Commercial at 25°C 
Input High Voltage (Except XTLI) < o 
Input High Voltage (XTLI) | 7 
Input Low. Voltage , , + 
Input Leakage Current (RES, NMI) 
Vin = 0 to 5.0. Vde 5, ee 
Input Low Current PA, PB, PC, PF*, and PG* 
Vi = 0.4 Vde) . 
Output High Voltage (Except XTLO) 
(Ioap_= -100 »Adc) 
Output Low Voltage 
(Gap = 1.6 mAde) 
Darlington Current Drive, PE* 
(Vo = 1.5, Vdc) 
Input Capacitance - . 
“Win —0, Ta = 25°C, f = 1.0 MHz) 
PA, PB, PC, PD, PF*, and PG* 
XML XTLO 
VO Port Pull-Up. Resistance . e mae 
‘PAQ-PA7, PB0=PB7, PCO-PC7, PFO-PF7 and PGO-PG7 
Output Leakage Current aaa 
’ Tri-State /Os while in High Impedance State 
Output Capacitance - 
' ° Tri-State /Os while in High Impedance State. 
Viy = OV, Ty. = 25°C, f = 25°C, f = 1.0 MHz | 
Note: Negative sign indicates. outward current flow, positive indicates inward flow. “RES5F12 only. 
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| APPENDIX F » 
TIMING REQUIREMENTS AND CHARACTERISTICS 


F.1 GENERAL NOTES. F.2 CLOCK TIMING 
1. Vee = SV + 5%, OC < TA = 70°C 


2. A valid Vcc — RES sequence is required before proper 
operation is achieved. 


: ; XTLI Input Glock - 
3. All timing reference, levels are 0,8V and 2.0V, unless - “Bales Walch 


otherwise specified. , i XTLO = VSS 

"1Output Clock Pulse 
Width at Minimurn | 
Tove 


4. All time units are nanoseconds, unless otherwise specified. 


5. All capacitive loading is 130pf maximum, except as noted 
below: 


PA, PB, PE, PF, PG. ‘— 50pf maximum 





XTLI 


{XTLO = V5} Towa 


_——— Tewoe 
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F.3 MULTIPLEXED MODE TIMING—PC. AND PD. 


(MCR.5 = 1, MCR 6 = 1, MCR7 = 1) 


- PARAMETER 


| wa [win | a 
Faas [ = [100 | 
reas | 
















(s/w roatene | | 
ITreny _ |(PC7)EMS Hold Time 30 | 
Fre” [ry Asaoso En bony Taw 20 
ewe [PT Ens sataion ere] 30 
[esu_JEMSSetuptime T= 


NOTE 1: Values assume PCO-PC4, PC6 and PC7 have the same capacitive load... 


_F.3.1 Multiplex Mode Timing Diagram 
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F.4 1/0, EDGE DETECT, COUNTERS, AND SERIAL 1/0 TIMING 
| sywact PARAMETER [| imu: | 2MHz | 


Internal Write to Peripheral Data Valid 
PA, PB TTL 
PA, PB CMOS 


. |Peripheral Data Setup Time 
, Tepsu PA, PB: 





|e Peripheral Data Hold Time 
‘TeHA -PA, PB 


ce PAO-PA3 Edge Detect Pulse Width: 


‘}Counters.A-and B : : 
Tcew PA4, PAS Input Pulse Width 
PA4, PAS Output Delay 
Port B Latch Mode 


PAO Strobe Pulse Width 
_PB Data Setup Time 
PB Data Hold Time 


| Serial /O 


PAG XMTR TTL 
PAG XMTR CMOS 

. PA4 ROVA S/R Clock. Width 
PA4 XMTR Clock—S/R: Mode (TTL) 
PA4 XMTR Clock—S/R Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: SOpF Passive Pull-Up Required. 
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F.4.1 1/0 Edge Detect; Counter, and Serial 1/0 Timing 











EDGE DETECTS 
(PAO-PA3) 


CNTR 
PAG, PAS 


TCD 
CNTR 2.4V 
(PA4, PAS) | 
0.4V 


TCMOS 


- VDD—30% 
PAO-PA7 


PBO-PB7 


PB. 
(LATCH MODE) 


STROBE 
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APPENDIX G | 
INCLUDED FORTH FUNCTIONS IN ROM 


BANKEXECUTE BANKEEC! BANKC! 
: D. 
SIGN 
SEEK 
SELECT 
* (MOD 
* 
MIN 
+ = 
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(NUMBER) 
FILL 


HOLD 
QUERY 


(.") —TRAILING TYPE 
DECIMAL HEX ~ —DUP 
> 


1+ 


DPL 
UR/W 

30 

3 

C! 
TOGGLE 


SWAP 
DNEGATE 


2TERMINAL 
ENCLOSE (FIND) 
(+LOOP) (LOOP) 
EXECUTE CLIT 





BRANCH 


“RESFRx © R6SFKx 


git 7 RESFRX AND  RESFKX 


| RSC FORTH 
axelenan ici DEVELOPMENT AND KERNEL ROMS 





INTRODUCTION FEATURES 





The Rockwell Single Chip (RSC) FORTH System.can be con- * R65FR1 FORTH Development ROM 

figured using: the R65F11, R65F12 microcomputers or the “BK ROM... j 
R6501Q RON-less microcomputer. One of these microcom- '—Addressable from $2000 through S$3FFF i in FORTH devel- | 
puters, when used in conjunction ‘with a development. ROM and “opment configuration memory map . 3 
a FORTH kernel ROM, provide the designer with maximum flex- —R65F11 and R65F12 compatible ; 
. ibility when developing FORTH applications. a ‘Operates in the RG65F11/F12 FORTH development 

7 configuration 

RSC-FORTH is based on the popular fi -FORTH model with. 

aitercions: The BUsE(( ard ROSE12 Goth have'the kernel of esis te ae Development ROM 

the high level Rockwell Single Chip RSC-FORTH language con- = Addressable from $4000 through $5FFF in the FORTH 
tained in the preprogrammed ROM. The R65FK2 and R65FK3 development configuration embry map 

Kernel ROMs are preprogrammed ROMs for use with the —R6501Q compatible for use in emulation of the R65F11/F12 
R6501Q when developing larger applications requiring more FORTH development configuration 

memory and !/O ling support. All of the run time functions of the 

RSC-FORTH are contained in these ROMs, including 16- and ¢ R65FA3 FORTH Development ROM 

32-bit mathematical, logical and stack manipulation, plus —8K ROM 

memory and input/output operators. The RSC-FORTH Operating -—Addressable from $C000 through $DFFF in the FORTH 
_System allows an external user program written in RSC-FORTH - development. configuration memory map - 

or Assembly Language to be executed from external EPROM, —Operates in the R6501Q FORTH development 
_or development of such a program under the control of the configuration 

‘R65FR1, R6SFR2 or R6SFR3 RSC-FORTH Development ROMs. © R65FK2 FORTH Kernel ROM 

sh fai, ‘ts ——4K ROM 
This document describes five different ASC-FORTH system con- ean from $F400 through: $FFFF in the FORTH 
figurations using the development and kernel ROMs. development configuration memory map 
—RE501Q compatible for use in the emulation of the 


ORDERING INFORMATION _ R65F11/F12 FORTH development configuration . 
7 Desc ription z —Replaces the FORTH kernel contained jn the: R65F14 and 


ae R65F12 mictocomputers during development 
, RESFRIP ; FORTH. Development ROM ‘for R6SF11 or RE5FI12 oo oc. 
‘RESFR2P, | FORTH: Development ROM: for R6501Q . * R65FK3 FORTH Kernel ROM 
-RE5FR3P° | FORTH Development ROM for R6501Q —4K ROM 
R65FK2P FORTH Kernel ROM for R6501Q- : —Addressable from $F400 through $FFFF. in the FORTH 
R6SFK3P =| FORTH Kerriel ROM for R6601Q | development and production configuration memory maps 
R65F11P. 40-Pin FORTH Based: Microcampiter at 1. MHz —R65010 compatible |” 
R6SF11AP |'-40-Pin FORTH Based Microcomputer at 2 MHz: —Operates in the R6501Q FORTH development and: pred uc: 
-| R65F12Q: | 64-Pin FORTH Based ’Microcomputer at 1 MHz tion configurations 
‘| R65FI2AQ | 64-Pin. FORTH, Based Microcomputer at 2’MHz 
| R6501Q_—_—-|_64-Pin. One-Chip Microprocessor at 1 MHz RSC-FORTH SYSTEM. CONFIGURATIONS 


| RE501AQ. | 64-Pir' One-Chi Microprocessor at 2 MHz | 
——— — — . sha = - The three. configurations ‘of the ASC-FORTH. System are iden- 
| Order No. "| _- Description, ce il tified by the CPU- Development ROM combinations listed below: 


A65010 One-Chip Microprocessor Product : 
| Description RSC-FORTH System Configurations 


Kernel ‘Development gs RSC = 
ROM . ROM Configuration 


“ROSF11 | R65FRA1 


R6SF11 and RESF12° FORTH Based: Microcomputer 
| Product Description se 
ASC-FORTH: User's Manual 
Application Note: A Low-Cost. Development Module 
for the AS5F11 FORTH Bioempulsy , 





R6SF12 | -R@SFRI 
~R65010 K2 |.  R65FR2 
65010 FI RESFR3 





‘Document No. 29651N80 “Product Description Order No. 2177 
5,87 February 1984 
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RSC-FORTH CONFIGURATION 1 (R65FR1) 


R65F11/R65F12 DEVELOPMENT AND PRODUCTION © 


The RSC-FORTH Configuration 5] provides the designer with a 
FORTH development and application environment at a minimal 
cost. The application program is developed using an R65F1 1 
or R65F12 microcomputer, an R6SFR1 Development ROM and 
external RAM. Up to 8K bytes of RAM space is available using 
this configuration. However, Configuration 1 is limited to 5K or 
less bytes of RAM during development. This is the result of 
allocating 2K bytes of RAM for disk buffers and at least 1K bytes 
of RAM forthe ‘Program heads”. The program heads are con- 
tained in a dictionary containing the Name (NFA), Link Field 
. Address (LFA) and the Parameter Field Address Pointer (PFA). 
' This dictionary is a list of FORTH word words and user-defined 
FORTH words used in the development of a FORTH program 
and is not present during the execution of the FORTH program. 









APPLICATION 

DEVELOPMENT 
RAM 

<=8K BYTES 








R6ESF11/ 
RESF12 
MICRO- 
COMPUTER 
' R65FR1 
DEVELOPMENT 
. ROM 
8K BYTES 


DEVELOPMENT 






Although programs may reside in the upper 8K bytes of memory 


‘area, normally filled by the R6S5FR1 Development ROM, it is dif- 


ficult to develop code for that. area using this configuration of 
the RSC-FORTH System. 


The difference in using the R65F11 or the R65F12 is in the 
number of I/O lines available to the user. The R65F WW supports 
16 I/O lines, the’ R65F12 supports ‘40 vO lines: 


Figure 1 shows the development and production configurations 
for the A6S5F11/F12. Configurations 1A and 16 list the features, 
memory maps, and the relationship of the R65F11 and R65F12 
to the R65FR1 Development ROM in the development and pro- 
duction environment. 

















APPLICATION 
EPROM 
<8K BYTES 







RGESF11/ 
R6ESF12 
MICRO- 
COMPUTER 







APPLICATION 
RAM 
_ (OPTIONAL) 





PRODUCTION © 


‘Figure 1. R65FR1 Configuration 1 Block Diagram 


R65FR1 


RSC FORTH ROMs 








CONFIGURATION 1A CONSIDERATIONS 


Features 
¢ 8K Bytes of User Memory 
« 16 VO Lines 


Device Configuration 


DEVELOPMENT PRODUCTION. 


R65F11 Microcomputer 


R65FR1 Development ROM 


User Memory—!/O Resource Matrix 


User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 


MEMORY 





vO LINES 


FFFF 
| KERNEL 
F000 


Memory Map 






4000 





R6SFAI 


USER MEMORY |- 


MUX BUS 2000. 


0000 
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CONFIGURATION 1B CONSIDERATIONS 


Features 
© 8K Bytes of User Memory 
* 40 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 





R65F12 Microcomputer 


R65FR1 Development ROM 


User Memory—I/O Resource Matrix 


User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 








MEMORY 
16K 
8K 
0 nth 
0 16 32 40 
VO LINES 
Memory Ma : 
one FFFF {KERNEL 
¢ 000 
4000 
MUX BUS 





USER MEMORY 
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RSC-FORTH CONFIGURATION 2 
(R65FR2, R65FK2) 


R65010 DEVELOPMENT AND R65F11/F12 
PRODUCTION 


The RSC-FORTH Configuration 2 provides the designer with the 
capability of using the full 16K bytes of external address space 
of the R65F11 and R65F12. 


The .R6501Q ROM-less: microprocessor, when used with the 
R65FK2 Kernel ROM and the R65FR2 Development ROM, 
emulates the operation of the R65F11/F12. Because of the 
greater address space of the R6501Q, the R65FR2 Development 
ROM can be relocated to address $4000 and the disk buffers 
and HEADS program to $6000. This expands the available user 
memory space to 16K bytes, $0000 through $3FFF. 


DISK AND 
HEADS RAM 
" s8K BYTES 


RESFR2 
DEVELOPMENT 
ROM 
8K BYTES 


mesora feat 
MICRO- 


ROM 
PROCESSOR 3K BYTES 


APPLICATION 
DEVELOPMENT 
RAM 
=16K BYTES 


DEVELOPMENT 





Using this configuration, the application program can be 
developed using the R6501Q and. then later installed in an 
R65F11 or R65F12 microcomputer without modification. 


Figure 2 shows the development and production configuration 
for the R6501Q. Configurations 2A and 2B list the features, | 


memory maps, and the relationship of the R6501Q to the 


R65FR2 Development ROM and A65FK2 Kernel ROM in. the 


‘development and production environment. Figure 3 is a 
schematic of the R6SO1Q, R65FR2, R65FK2 development setup. 





APPLICATION 
EPROM 
=16K 


RGSF11/ 

RES5F12 

MICRO- 
PROCESSOR 


APPLICATION — 
RAM 
16K BYTES 


PRODUCTION 


Figure 2. R6SFR2 and R65FK2 Configuration 2 Block Diagrams 
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CONFIGURATION 2A CONSIDERATIONS 


Features 
* 16K Bytes of User ‘‘Headerless’’ Memory 
e 16 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


R65F11 Microcomputer 
R6501Q Microprocessor 
RESFR2 Development ROM 


R6E5FK2 Kernel ROM 





Memory—/O Matrix 


If floppy disk is used in the application, space for the disk buf- 
ters must be allocated in memory from $0500 through $3FFF 
or $6000 through $7FFF. User memory can be a mix of ROM, 


EEROM, UVROM or RAM. 
46K , 





MEMORY 
1/0 LINES 
Memory Maps 
DEVELOPMENT : PRODUCTION 
rrPr _nesrk2_| eer KERNEL _| 
F400 Faco 
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CONFIGURATION 2B CONSIDERATIONS 


Features 


© 16K Bytes of User ‘‘Headerless’’ Memory 
e 40 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


RAG5F12 Microcomputer 


R6501Q Microprocessor 


R65FR2 Development ROM 


R65FK2 Kernel ROM 





Memory—i/O Matrix 


if floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory $0000 through $3FFF. User 
memory can be a mix of ROM, EEROM, UVROM or RAM. 





MEMORY 
1/0 LINES 
Memory Maps - 
DEVELOPMENT PRODUCTION 
FFP KERNEL __ 
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PR 
ae 






~— 











Pin 22 on AGS01Q—Synec Signal not connected. 
When emulating a AGSF12 system Ports E, F or G 


must be constructed externally using TTL circuits 


(contact Rockwell). 









83885 ak 
PIN DIP) 


TEFagkrentanree 






DATA BUS 





+5V 
Figure 3. R65010, R65FA2 and A65K2 Application Configuration Schematic 
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RSC-FORTH CONFIGURATION 3 
(R65FR3, R65FK3) 


R6501Q BASED SYSTEM DEVELOPMENT 
AND PRODUCTION 


The RSC-FORTH Configuration 3 is designed for those applica- 
tions which require a larger amount of ROM or RAM space than 
the R65F11 or R65F12 can provide. 


In the development configuration, the user is provided with up 
to 48K bytes of memory. The.user memory is located from $0000 
through $BFFF. The program heads will. use some of this area 
but the user will still have considerably more memory space 
available then in the previous configurations. 


The production configuration provides up to 56K bytes of user 
memory. This Is due to the fact that the R65FR3 Development 
ROM, used in the development configuration, is not required 
in the production configuration and releases the 8K bytes of 
memory space. This memory is located at $CO00 through 
$DFFF. 


Figure 4 shows the development and production configurations 
for the R6501Q. Configuration 3 lists the features, memory maps, 
and the relationship of the R6501Q to the R65FR3 Development 
ROM and the R65FK3 Kernel ROM in the development and pro- 
duction environment. 


ROSFR3 
DEVELOPMENT 


PROCESSO 


DEVELOPMENT — 


APPLICATION 
RAM 
=56K BYTES 


PRODUCTION 





Figure 4. R65FR3 and R65FK3 
Configuration 3 Block Diagrams 
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CONFIGURATION 3 CONSIDERATIONS 


Features 
* R65010 w/FORTH 
¢ 48K Bytes of User Memory 
e 30 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


R6501Q Microcomputer 





R65FK3 Development ROM 


A65FR3 Kernel ROM 





User Memory—i/O Resource Matrix 


All ports act as I/O ports. Memory is on the bus. PC6 & PC7. 
(I/O lines) are assigned to memory. User memory can be a mix 
of ROM, EEROM, UVPROM or RAM. 













MEMORY 
0 16 $2. 40 
VO LINES 
Memory Maps 
DEVELOPMENT PRODUCTION 
wees " RESFK3 see E R6SFK3 
F000 }——-—- Fo00 
AVAILABLE - AVAILABLE 
E006 }— E006 : 
[rLopey conTaon | 
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R65FR3 
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RSC-FORTH ROM Pin Assignments 
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R6500 Microcomputer System 


R6501Q 


ONE-CHIP MICROPROCESSOR 





SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6501Q 


Enhanced 6502 CPU 
‘—Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
—13 addressing modes 
—True indexing 
192-byte static RAM 
32 bidirectional, TTL-compatible (/O lines (four ports) 
One 8- bit port may be tri-stated under software control 
One. 8-bit port may have atehied inputs under software 
control 
Two 16-bit programmable counter/timers, with latches 
—Pulse width measurement 
—Asymmetrical pulse generation 
—Pulse generation 
—Interval timer 
—Event counter 
—Retriggerable interval timer 
Serial port 
—Full-duplex asynchronous operation. mode 
—Selectable 5- to 8-bit characters 
—Wake-up feature 
Synchronous shift register mode 
—Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 
Ten interrupts 
.—Four edge-sensitive lines; two positive, two negative 
—Reset 
—Non-maskable 
—Two counter underflows 
— Serial data received 
— Serial data transmitted 


eeeese 


e Bus expandable to 64K bytes of external memory 

e Flexible clock circuitry — 

—2-MHz or 1-MHz internal operation 

—4 MHz Crystal used to generate internal clocks 

1 4s minimum instruction execution time at 2 MHz 
NMOS-3 silicon gate, depletion load isehnolody 

Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
64-pin QUIP 


1 2 SUMMARY 
The Rockwell RE5S01Q isa complete, high-performance. B- it 


NMOS-3 microcomputer on a single chip and is compatible 
‘with all members of the R6500 family- 


The R6501Q consists of an enhanced 6502 CPU, an internal 
clock oscillator, 192 bytes of Random Access Memory (RAM), 
and versatile interface circuitry. The interface circuitry in- 
cludes two 16-bit programmable timer/counters, 32 bidirec- 
tional input/qutput lines (including four edge-sensitive lines 
and input latching.on one 8-bit port), a: ‘full-duplex serial vO 


channel, ten interrupts, and bus expandability. 


The innovative architecture and the demonstrated High per- 


formanée of the R6502 CPU, as well as instruction simplicity, 
“results in system cost-effectiveness and a wide range of 


computational power. These features make the. R650i10 a 
leading candidate for microcomputer applications. — 





" e 5 . . e ont . 
Document No. 29651N48 Product Description Order. No, 2145 
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R6501Q — 


Rockwell supports development of the 'RE5010 with the 
System 65 Microcomputer Development System and the 
’ R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 


This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabili- 
tiés. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the.R6502. CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 


One-Chip Microprocessor 
1.3 CUSTOMER OPTIONS 


The R6501Q has no customer specified mask options. tt has 
the following characteristics. ~ 
e Crystal Oscillator 

e Clock Divide by 4 

e Clock MASTER Mode 

e Reset Vector at FFFC 

e Internal pull-up resistors on Ports PA, PB, and PC 


1.4 ORDERING INFORMATION 


'RGSO1Q — 4 MHz Xtal, 1 MHz Operation 


‘ument Number 29650N30). R6501AQ — 4 MHz Xtal, 2 MHz Operation 






1.628 
(41.35 MM) 


$39 ¥d5 WN Ai 











925 
< — (28.495 MM) 


ee 
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¢ ¢ & € 
t ‘ 1 
‘64 PIN QUIP 


Figure 2-t. Mechanical Outline & Pin Out Configuration 
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This section describes the interface requirements for the -: 
R6501Q. Figure 2-1 and 2-2 show the Interface Diagram.and © 
the pin out configuration for both devices: Table 2-1 describes 
the function of each pin. Figure 3-1 has a detailed block dia- .. 
gram of the R6501Q ports which illustrates the internal func- 
tion of the device. : 









CLOCK 
OSCILLATOR 









PAD-PA7 (PAO, PAi, 
.PA2, PAI: 
EDGE DETECTS) 





PBO-PB7 (LATCHED INPUTS) 
DS (PAD) 
(DATA STROBE)" 


PCO-PC7 — 


080-Da7 (a> 
AD-al2, A15 Cu 


o> Popo? 
SYNC ae 





<——$t- CAPA): 
"CB (PAS): . 


CONTROL - ; 
‘REGISTERS. 








$O (PAB) 
— 81 (PAZ) 


Figure 2-2. “Interface Diagram _ 
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7 SECTION 2 | | 
R6501Q INTERFACE REQUIREMENTS 





One-Chip Microprocessor | 


* TABLE 2-1. ‘A65010 Pin Descriptions 


SIGNAL NAME 


Vee 
“Var 


XTLO 


RES 


2 


PAO-PA7 

PBO-PB7 
_PC0-PC7. 
‘PDO-PD7 


“AO-A12, A15 .. 


DBO-DB7 


SYNC 


PIN.NO. 


21 
43 


42 


41 


45 


23° 


39-32 
31-24 
54-61 

’ 62-64, 

5 


53-46 


40° 


_when' writing 


DESCRIPTION 


Main power supply +5V 
Separate power pin for RAM. 


‘In the event that Vc. power 


is off, this power retains RAM 
data. 


Signal and power ground (ov) 
‘Crystal or clock input for in- 


ternal clock oscillator. Allows: 


Input of X1 clock signal if 


XTLO is connected to Vsg or 
of X4 clock if XTLO is floated. 
Crystal output from. internal 
clock oscillator. 

The Reset input is used to 
initialize the device. This sig- 
nal must not transition from 
iow to high for at least eight 
cycles after Vcc reaches op- 
erating: range.and the. inter- 
nal oscillator has stabilized. 
Clock signal output at:inter- 
nal frequency. a 

A negative going edge on the 
Non-MaskKable: Interrupt sig- 
nal requests. that a non- 
maskable interrupt be: gen- 
erated with the CPU. 

Four’. 8-bit ports ‘used for 
either input/output. Eaoh line 
of Ports A, B and C consists _ 
of an active transistor to Ves | 


and a passive pull-up to:Vec. 


Port D functions as either an’ 
8-bit input or B-bit output port. 


it has active pull-up'and pute." 
- down transistors. 


Fourteen address lines used. - 
to. address a 
65K external. address space. 
Note: A13 & A14 are sourced 
through PC6:.& PC7 when in. 
thé Full Address Mode.’ | ~~ 
Eight: bidirectional data: bus 
lines.used to transmit data to 
and from ‘external memory: 
SYNC is a positive going sig- 
nal for ‘the full clock ‘cycle 


- whenever ‘the CPU’ is per- 
_ forming an OP CODE fetch. 


Controls the direction of data 
transfer between the CPU. 


_and the -exteral 85K: ad-, 


dress space. The signal is 
high. when reading and low. 








complete :-. 


R6501Q 


One-Chip Microprocessor 


SECTION 3 
‘SYSTEM ARCHITECTURE 


This section provides a functional description of the R6501Q. 
Functionally the R6501Q consists of a CPU, RAM, four 8-bit 
parallel I/O ports,.a serial I/O port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure,3-1. 


NOTE 


Throughout this document, unless specified otherwise, - 


all memory or register address locations are specified 
in hexadecimal notation. 





3.1 CPU LOGIC 


The .A6501Q internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing: control logic. 


3.1.1 ‘Accumulator 


The accumulator isa general purpose 8-bit register that 
stores. the results of most arithmetic and logic operations. In 
addition, the: accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user ‘instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user Program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and ATS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 
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location:is stored (or “pushed”) onto the stack. Each time - 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer'is decremented by 1. Each time data are read (or 


-"pulled") from the stack, the Stack Pointer is incremented by 


1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing. internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one. cycle. If data are placed on the inputs to 
tne ALU at the beginning of a cycle, the result is atways gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is. placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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R6501 Q:. 


3.1 ry Interrupt — 


Interrupt | logic controls the sequencing of three interrupts: 
‘RES, NMI and IRQ. IRQ is generated by any one of eight 


conditions: 2 Counter Overflows, 2 Positive Edge Detects,’ 


2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


‘In addition to the standard R6502 instruction set, four new 


bit. manipulation instructions have been added to the R6501Q._ 

The added instructions and their format are explained in the: 
vce =." following paragraphs. Refer to Appendix A for the Op Code: 
“S* mnemonic addressing matrix.for these’ added instructions. 
.. ° The four added instructions do not impact the CPU processor 
“oS. gtatus register. 


3.2.1 Set Memory Bit (SMB m, Addr.) 
This instruction sets to 1” one of the,8-bit data field specified 


by the zero page address (memory or /O port}. The first byte | 
of the instruction specifies the SMB operation and one of eight - 


bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon, 


3.2.2 Reset Memory Bit (RMB m, Addr) any 


This: instruction. is the same operation and format as SMB 7 


‘instruction except a reset to"0" of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of eight bits designated by a 3-bit . 


immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
\/O ports). The third byte of the instruction is. used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a “1”. If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". y 


3.3 READ-ONLY-MEMORY (ROM) 
The R6501Q has no ROM and its Reset vector is at FFFC. 
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3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6501Q provides a separate power pin (Va_) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var Pin. If the RAM data retention is not required then Var 
must be connected to Vee: During operation Va_ must be at 
the Vec level. 


For. the RAM to retain data upon loss of Vcc, Vag must be 
supplied within operating range and RES must be driven low 


at least eight $2 Clock pulses before Vec falls out of operating 


- range. RES must then be held low while Vcc is out of Oper- 


ating ‘range and until at least eight 02 clock cycles after Voc 
is again within operating range and the internal 2 oscillator 


_ {is stabilized. Vag must remain within Vcc operating range 
during normal operation. When Vec is out of operating range, 


Var Must remain within the Var retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 





INITIAL APPLICATION OF V.. AND V,.. 
“ LOSS. OF V.., RAM ON STANDBY POWER. 
REAPPLICATION OF Vc. 
>8 92 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
>8 §2 CLOCK PULSES. 


neon a 


Figure 3-2. Data Retention Timing 


3. 5 CLOCK OSCILLATOR 


The R6501Q has been configured for a crystal oscillator, 
a countdown network, and for Master Mode Operation. 


A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external 
oscillator.; The oscillator reference frequency passes 
through an internal countdown network to obtain the 
internal operating frequency (see Figures 3-3a and 3-3b). 
The external crystal generated reference frequency is a 
preferred method since the resistor method can have tol- 
erances approaening 50%. 


Note: 


When operating at 1 MHz interval frequency 
(R6501Q) place a 15-22 pt capacitor between 
XTLO and ground. 


Re5010..~—~«~<“‘<;C ;7U ;2O 


Internal timing can also be controlted by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 





divided. by.the internal countdown network. However, if XTLO. 


is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 


fi? 2 MW 


ey a fr = 2 MHD 





1-2MHz 
: hy: = 1 or 2 MHz 


fer = free 


Vsu = 


b. Clock Inpuls 


Figure 3-3. Clock Oscillator Input Options 


3.6 MODE CONTROL REGISTER (MCR) 


The Made Conirol Register contains contro! bits for the mul- 
tifunction /O ports and mode select bits for Counter A and 
Counter B. {ts setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6501Q in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) | 

An IRQ interrupt request can be initiated:by any or all of eight 

possible sources. These sources are all capable- of being 


enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
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simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have: been 
serviced and cleared. . , 


The interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared. by executing a RMB instruction at address location 
0010. The AMB X, (0010) instruction reads FF, modifies bit 
X to a0", and writes the modified value at address location 
0011. In this way IFR bits set.to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic ’1” is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1” by writing a 1” in the 


respective bit position at location 0012. Individual IER bits 


may be cleared. by writing a “0” in the. respective bit position, 
ar by RES. If set to at”, an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and tnterrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 


| Addr 0014 






0 Inlerval Timer 
0-~—~—— 1 Pulse Generation 
1—— 0.Event Counter 
1 1 Pulse Width Meas. 
Q 0 Interval Timer 
0 ——— 1 Asymmetric Pulse Generation 
1——— 0 Event Caunter 
1 ——— 1 Aetriggerable Intarval Timer 
Port B Latch 
(1 = Enabled) 
Port D Tri-State 
(O— Tri State High Impedance Mode) 


Bus. Mode Select 








Q=———0 Full Address 
Q==—=——1 Normal 
1——-0 Not Used 

- i]. Not Used 


Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
4.6. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


Microprocessor 
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The Carry Bit may be set or cleared under program control 


IER Addr 0012 by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
ets Wee ender, ollie eect are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, ATI, 
a eS : owen 
(FR Addr 0011 s 
\ 
PAO Pasitive 
Edge Detect 
“PAI Positive 
Edge Detect 












PA2 Negative 
Edge Detect 
PA3 Negative 

Edge Detect 

' Counter A 

Underflow Flag 

Counter B 

Undertiow Flag 

Receiver 

Flag - 

XMTR 
Flag 





CARRY (C}(1) 


{= Carry Set 
0 = Carry Clear 


ZERO (2)(1) 


1 = Zero Result 
0 = Non-Zero Result 


INTERRUPT DISABLE (1)(2) 


: 7 1 = 1RQ Interrupt Disabled 
Figure 3-6. Interrupt Enable and Flag Registers = IAQ Interrupt Enabled 
- DECIMAL MODE (D)(7) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (B) Q) 


3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 
3-7, contains seven status flags. Some of these flags are. 
controlled by the user program; others. may be controlled 
both by the user's program and the CPU. The A6502 
instruction set contains a number of conditional branch 
instructions which are designed to allow testing of these 
flags. Each of the eight processor status flags is 
described in the following sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has. occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 


1 ~ Break Command 
0 = Non Break Command 


OVERFLOW (0)(7) 


1= Overtiow Sst 
0 = Overflow Clear 


— NEGATIVE (nN) (T) 





NOTES 
® Not initlatized by RES 


® Set to Logic 1 by RES 


1> Negative Value 
O= Poastive Value 


Figure 3-7. Processor Statua Register 


Table 3-1. Interrupt Flag Register Bit Codes 


BIT 

CODE FUNCTION 

IFR Q: PAO Positive Edge Detect Flag—Set to a "1" when a positive going edge is detected on PAO. 
Cleared by RMB O (0010) instruction or by RES. 

IFR 1: PA Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on PA1. 
Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: PA3 Negative Edge Detect Flag—Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: Counter A Underflow Flag—Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 

IFR §: Counter B Underflow Flag—Set.to a 1 when Counter 8 underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001E, or by RES. 

IFR 6: Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSA 0-3) are cleared or by 
RES. 

IFR 7: Transmitter Interrupt Flag—Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 


7 ig set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8.2 Zero Bit (Z) 





The Zero Bit (Z) is set to logic 1 by the CPU during any data 


movement or calculation which sets all 8 bits of the result to 
zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (I) is used to control. the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. Ifthe bit is set to logic 1; the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able: Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt.Mask Instruction (SEN). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


3.8.4 Decimal Mode Bit (D) 


The Decimal ‘Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 


operates as a decimal adder. When this bit is cleared to logic. 


0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears ‘it. The PLP and AT) instruc- 
tions also affect the Decimal Mode Bit. 


- CAUTION | 
The Decimal ‘Mode. Bit will either set or ‘clear in an 


unpredictable. manner upon power application. This bit 
must be initialized 'to the desired. state by the user pro- 
game or erroneous results ney, occur. 
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3. 8. 5: Break Bit (B) 
The Break Bit (B) is used to determine the condition which 


caused the. IRQ service routine to be entered. If the IRQ ser- 


vice routine was entered because the CPU executed a BRK 


‘command; the Break Bit will be set to logic 1. If the IRQ rou- 


tine was entered as the result of an RQ signal being gen- 
erated, the B bit will be cleared to logic. 0. There are no 
instructions which can set or clear this bit. 


3.8.6 Overtlow Bit (V) 


The Overflow Bit (V) is.used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (~128 < n < 127). 
This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to: logic 
1 if the polarity of the sign bit (bit 7) is:changed because the 
result exceeds +127 or -—128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow: Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the: 


“overflow has nothing to do with-signed arithmetic, but is just 


another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value’ of a data’movement or data arith- 


‘metic operation is set to logic 1. If the sign bit is set to logic 


1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result. of 
the data movement or arithmetic operation is positive. There 
are no.instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSA, ORA, PLA, PLP, OL 
ROR, RTI, SBC, TAX, TAY, TSX, ‘TXA, and. TYA. ee 
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SECTION 4 
PARALLEL INPUT/OUTPUT. PORTS 
& BUS MODES 


The devices have 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD): Ports A through C may be used either 
for input or-output individually or in groups of any combination. 


ge eo D. may Sa used’ as. al inputs or all. oulputs: 





to perform. a multiplexed function. 


Internal pull- up resistors (FET's with an impedance range of 
3K < AL < 12K ohm): are provided on all port pins except 
Port D. 


The: direction of the: a2 VO lines are controlled by four 8-bit 


port: registers. located. in page zero. This arrangement pro-- 
vides quick programming access using simple-two- byte zero. 
page address iristructions.. There are no direction: registers . : 5 


associated with’ the: VO. ports, thus simplifying VO handling. 


The: 1/O addresses: are. shown in Table 4-1. sei E.4 


shows the I/O. Part Timing. 


v0 Port Addresses 


Table 4-1. 
_ PORT | ADDRESS _ 
ae ooo 
BO 0001. 
C.: 0002 
3) . 0003 
4.1 INPUTS. 


inputs for Ports A, B, and C are enabled by loading logic 1 
into all /O port register bit positions that are to correspond 
to /O input lines. A low (<0.8V) input signal will cause a logic 


0 to be read when a read instruction is issued to the port. 


register, A high (>2.0V) input will cause ajogic 1 to be read. 
An RES signal forces all.1/O port registers to so 1 thus 
initially treating all vo lines as inputs. 


Muttiunction 10" s such as Port A and Port c are protected: .. 
from normal port I/O instructions when they are programmed ~’ 
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data strobe for the Port B input latch option. Table 4 
" ulates the control and usage of Port A. 


Port D may only be all inputs or ail outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register. (MCRS5) 


‘to a. "0"” 


The: status of the input lines can be interrogated at any time = - 
by reading the /O-port addresses: Note that this will return 
the actual status of the input lines, not the: oe written into. 


. the VO Port registers: 


Read/Modity/Write instructions can be used: to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ‘ASL, DEC, INC, LSR, 
RMB; ROL, ROR, and’ SMB. 


4. 2 . OUTPUTS | 


Outputs . for Ports A thru D are controlled fi writing the 


.. desired | ie) line output states into, the corresponding /O port 
~fegister’ bit positions. ‘A sogic 1 will force ‘a high (>2.4V) 


output while a logic 0 will force a low (<0.4V) output. 


Port D ail ‘outputs is selected ‘by setting MCRS5 to a1”. 


4.3 Port A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the’ Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
4-2 tab- 


In addition to their normal I/O tunctions, PAO and PA1 can- 
detect. positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 


. interrupt request if the respective Interrupt Enable Bit is set. 


The maximum rate at which an edge can be detected is one- 


‘half the 62 clock rate. Edge detection timing is shown in Ap- 
pendix E.3, 
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a ee 
Table 4-2. Port A Control and wii 


nee eT 


PAO (2) PORT B INPUT (1) 
PIN 39 LATCH STROBE 


PA1-PA3 I/O 
SIGNAL 






























PA1 (2) 
PIN 38 
‘PA2 (3) 
PIN 37 
PA3 (3) 
PIN 36 





PA4 1/0 





COUNTER A I/O 


SCCR7 = 0 
SCCRE6 = 0 
MCAi1 = 1 










MCRO = 1 
MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 


SIGNAL 


NAME NAME TYPE 


SERIAL 1/0 SHIFT REGISTER CLOCK 


RCVA S/R MODE = 1 
(4) 


SIGNAL 
NAME TYPE 
XMTR CLOCK , OUTPUT RCVR CLOCK Pe __ (1) 


COUNTER B I/O 



















MCRO = 0 
MCAI1 = 0 
SCCR7 = 0 

RCVR S/R MODE = 0 
(4) (8) 










SIGNAL 


INPUT (1) 

































i PA5 1/0 | 
| MCR3 = 1 
MCR2 = x 


SIGNAL "SIGNAL 
‘oureur [one [neural 


(1) HARDWARE BUFFER FLOAT 
SERIAL VO 
XMTR OUTPUT 


(2) POSITIVE EDGE DETECT 
(3) NEGATIVE EDGE DETECT 
SIGNAL SIGNAL 


(4) RCVR S/R MODE = 1 WHEN 
k J NAME 
[ee v0 ra | urea 


SCCR6 - SCCAS: SCCR4 = 1 
PAT /0 
| - SCCRE=0 = | - SCCRE=0 
SIGNAL aw tae al 











SIGNAL 











PA6 I/O 














(5) For the tollowing mode combi- 
nations PA4 is available as an 
Input Only pin: 
SCCR7-SCCRESCCRSMCR1 
+§CCR7-SCCRESCCR4MCRI1 
+ SCCR7-SCCRE-SCCR5 
+ SCCA?7-SCCR5SCCR4 












SERIAL I/O 
RCVR INPUT 












INPUT (1) 
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4.4 PORT B (PB) 


Port B can be programmed as an 8-bit, bit-independent Me) 


Port. ‘It has a latched input capability which may.be enabled 


‘One-Chip Microprocessor 
4.5 PORT C (PC) 


Port C can be programmed as’an I/O port, or as part of the 
full address bus. When operating in the Full Address Mode 


or disabled via the ‘Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with. latched input option. Input data 
latch timing for Port B is shown in Appendix E.3. 


PC6 and PC7 serve as A13 and A14 with PCO-PC5 operating 
as normal I/O pins. 


4.6 PORT D (PD) 


Port.D can be programmed as an W/O Port. Mode selection 

for Port D is made. by the Mode Control Register (MCR). The 

Port D output drivers can be selected as tri-state drivers by 

mae setting bit 5 of the MCR to 1 (one). Table 4-5 shows the nec- 

VOMODE | essary settings for the MCR to achieve the various modes 
for Port D. 


Table 4-3. Port B Control & Usage ; 


4.7 BUS MODES 


TYPE NAME TYPE In the Full Address Mode, the separate address and data bus 

(1) are used in conjunction with PC6 and PC7, which automat- 
eet eed ically provide A13 and A14. The remaining pone perform the 
normal /O function. 


In the VO Bus Mode all ports serve as I/O. The address and 
data bus are still functional but without A13 ‘and: A14. Since 
the internal RAM and registers are in the OOXX location, A15 
can be used for chip select and AO-A12 used for selecting 
8K of external memory. 











(1) RESISTIVE PULL: uP, ACTIVE BUFFER PULL DOWN. 
(2) INPUT DATA IS STORED IN PORT B LATCH BY PAO PULSE 











: Fa5110 OF A6S00/19 
E5110 OR ABEOOIS 








UP TO aak-24a 
OP EXTERNAL 
VO OR MEMORY 
ACTIVE FROM - 
[tae | 


8 O)00-FFFF 





= 

——— 

=e (seme) 
| ey 












‘& 8000:0F FF 
(VECTOR AT 
OFFA-GFFF} 






2 ADDRESS ous 
aai2,, ang 








Figure 4-1a. Full Address Mode 


Figure 4-1b. Normat Bus Mode 


3-86 


Re501Q.—~=~=~CSF ‘One-Chip Microprocessor 
Table 4-4. Port'C Control and Usage 


FULL ADDRESS , 
: . ° MODE VO MODE 
MCR7 = 0 
MCRG6 = 0 





























vO (1) 
vO (1) 
VO (1) 
vO (1) 
vO (1) 

WO (1) 

OUTPUT (2) 
OUTPUT (2) 





NOTES: 
1. Resistive Pull-Up, Active Buffer Pull-Down 
2. Active Buffer Pull-Up and Pull-Down 





Table 4-5. Port D Control and Usage 
















SIGNAL | SiGnaL 
TYPE a 
Leal REE eM 
OUTPUT | 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 





NOTES: 
1. Tri-State Buffer is in High Impedance Mode 
2. Tri-State Buffer is in Active Mode © 
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_ SECTION 5 | 
SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial 1/O channel with pro-. 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Aeceiver Shift Register (RCVA S/R) 
mode for which an external. shift.clock must be provided. The 
maximum data rate using the internal clock.is 62.5K bits per: 
second (at 2 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently. programmed to operate in 
different modes and can be independently enabled or 
disabled. . 


0~Odd Parity 
1~Even Parity | 

0 Parity Disable 

, 1. Parity Enable — 

0 0~ 8B Bits/Char. 

‘0 1~7 Bita/Char 

1 O~ 6 Bits/Char 

1 1< 5 Bits/Char 

0 XMTR & ACVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 

X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVA Enable 


0 XMTR Disable 
1 XMTR Enable 


SccR Addr 0015 
















Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial /O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control! Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONQUS MODE WITHOUT PARITY 


S-BIT DATA 


ASYNCHRONOUS MODE WITH PARITY 


START eer aine fpanity | aioe | 
pamry|_2 870? 


laraar | separa DATA leaciry| 2. 6TOP 


SHIFT REGISTER MODE B-BIT DATA 


Met 7. WORD Wt j _ WORDM 41 


SHIFT REGISTER CLOCK (Pa4) 


a a a hn a a a 


Figure 5-2. SIO Data Modes 


in the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output:-(PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSRE and 
SCSR’. 


IFR7 = SCSR6 (SCSR5 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervais for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
ot each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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et _—r 


Stert Bit $8 Stop Bit Stop Bit 


"Serial Input Data Shifted In 
Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


External (Data In 

Clock 7 

Serial 7 

output LL. TT 
‘a Data Out 

Shitt ; 


* Serial Input Data Shifted In 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status. Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Receiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit wilt not be set to a logic 1 if the received data 


received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 
Framing Error—Set toa logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

Wake-Up—Set to a logic 1 by writing a “1” in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1’s. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 


End of Transmission—Set to a logic 1 by writing 

a “1” in bit position 5 of address: 0016. The End 
ai Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- . 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. , 
Transmitter Under-Run—Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last’ stop bit is transmitted 
if the XMTR is in the ASYN Made while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
‘Register or by: RES. 


SCSR 3: 


SCSR.4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 













RCVR pate 
Reg Full 
RCVR Over-Run 
Parity Error 
Frame Error 
Wake-Up 
End of Transmission 
XMTR Data Reg Empty 
XMTR Under-Run 

Figure 5-5. SCSR Bit Allocations 


5.4 WAKE-UP FEATURE 





In a multi-distributed microprocessor or microcomputer appli- 
ations, a destination address is usually included at the begin- 
ning of the message. The Wake-Up Feature allows non-selected 
CPU's to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Recelver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1’s which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 


contains an efror condition; instead, .a corre- 
sponding error bit will be set to a logic 1. 
SCSR 1: Over-Aun Error—Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register or by RES. 


SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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SECTION 6 
COUNTERITIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter'A Counter B 
. Pulse width -.- e Retriggerable Interval-Counter 
“measurement « Asymmetrical Pulse. 
e Pulse Generation Generation 
. Interval, Timer e. Interval Timer 


e Event Counter .. .@ Event Counter. 

Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrernerits. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A. 

Counter A consists:of a 16-bit counter and a. 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either $2 clock pulses or 
external events, depending .on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018.-In either case, the contents of the accumulator are 
copied into the applicable latch register. - 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


COUNTER ince 


COLES CSE 








COUNTER ~2- 


\ 
SET ANY TIME BEFORE 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW | 


COUNTER INTERRUPT ENABLED [OS = | ae 


Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 

transferred to Counter A. Counter A is set to the latch value 

whenever Counter A underflows. When Counter A decre- 

ments from 0000 the next counter value will be the latch ' 
value—not FFFF—and the Counter A Underflow Flag (IFR 

4) will be set to "1". This bit may be cleared by reading the 

Lower Counter A at location 0018, -by writing to address. lo-:. 
cation 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


MCR1. MCRO 


(bit 1) _ bit 0) Mode 
0 o * Interval Timer 
_0 1 Pulse Generation 
4 0 Event Counter 
1 1 


puns Width Measurement: 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are $2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


in the Interval Timer mode the: Counter is Initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When awrite operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded: with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1s to 65,535 
ms at the 1 MHz $2 clock rate or 0.5 1S to 32.767 ms at the 
2 MHz @2 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter [RQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Undertlow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set,-an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse: Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underftow occurs or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to OO1A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 








COUNT N N-1 


Figure 6-2. Event Counter. Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by: one 
count at the 92 clock rate as long as the CA line‘is held In 
the low state. The Counter is stopped when CA is in the high 
state. : : : 
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The Counter. A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching Zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testirig the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 


et oa ee 


| Thos 


OV 
Caine ee ee 


COUNT N-3 





N | N-4 | N-2 , 
Figure 6-3. Pulse Width Measurement 


6.1.5 Serial /O Data Rate Generation 


Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter A is forced: to operate at the 
internal clock rate, Counter A is not raquired for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to - 
support the Serial I/O (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a g2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: — 


N = sin Pt - 
16 x bps 
where 
N = decimal value. to be loaded into Counter A using’ 
Its hexadecimal equivalent. 
= the clock frequency (1 MHz or 2 MHz) 
bps = 


a 
fo 
I 


the desired data rate. 










NOTE 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate.may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table. 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 


CLOCK RATE 
' NEEDED 
TO GET 


BAUD RATE 





1. 7352.94 | 1.0368 
8928.57 9615.38| 1.0752 2. 





6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 


only i in the asymmetrical pulse generation mode. The counter :: 
contains the count: of either 2 clock pulses: or external’ 


events depending on the counter mode selected. The con- 


tents of Counter B:may be'read any time by executing a Read. 


at location 001D for the Upper-Counter B- and at location 


001E or 001C for the Lower Counter B. A Read at location’ 


001C also clears the Counter B Underflow Flag. 


Latch B contains the:counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location :001D and the Lower Latch.B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a 1” whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001E,:or by 
RES. 


Counter B operates in the same manner as Counter Ain the 


Interval Timer and Event.Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 


Timer mode and the Pulse Generation mode is replaced by: 


the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3@ select the four Counter B 
modes in a similar manner and-coding as MCRO and MCR1 
select the modes of Counter A. 


' STANDARD | 
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6.2.1 Retriggerable Interval Timer Mode 


‘When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
QO1E, bya Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs: 
on the CB line. Figure 6-4 illustrates the operation. 





Counter _—_-/ : So ie 
Underflows: x Reset by Software 
Counter B _ 
Figure 6-4. Counter B Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 
Counter ‘B-has a special Asymmetrical Pulse Generatiori 


‘Mode whereby a pulse train with programmable pulse width-- 


and period can be generated without the processor interven-° 
tion once the latch values are initialized. 


‘In this. mode, the 16-bit Latch B is initialized with. a value 


which corresponds to the duration between pulses (referred 
to as D iri the following descriptions). The 16-bit Latch C is. 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001D. At this point both 
Latch B and Latch C contain the value. of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location OO1E. Writing to 
address location 001E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 


3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of Voc and Vaq power to the device, RES 
must be held low for at least eight $2 clock cycles after Voc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vec voltage and performance of the internal oscillator. The 
clock can be monitored at $2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 


]—— ctock Stabitizsvon Time af . 
2 __ aL 


ae 
8 G2 Clocks Cyclea Min 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFOD 
to begin user program execution. All of.the I/O ports (PA, PB, 
PC, PD) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic 0 causing the 
interval Timers counter mode (mode 00} to be selected and 
all interrupt enabled bits to be reset. 





CB Output 
|_—_ o—-| Pp fae 


1&3. Counter B «—— Latch B (Dd) 


284. Counter B -<«—— Latoh C (FP) 


Figure 6-5. Counter B Pulse Generation 


7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports ta be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initialization of I/O Ports and Registers 


7 6 5 43 2 1 «0 





REGISTERS 
Processor Status 
Mode Control (MCR) 0. 6~0 
Int. Enable (IER) 0 60 
Int. Flag (IFR) 0 0 

0 0 
Oo 1 





Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


cago o- 
aooo00 | 
cCOogO0d | 


a oe os 
sa — os um 
—_> — ot os 
—_— oot 
Cin a a 
— ht as oe 
— —- — 
—- oo 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. : 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization routine should be executed to perform (as a 
minimum) the following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear interrupts 


aroahd — 


A typical initialization subroutine could be as follows: 


LOX Load stack-pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
fo isatk Set-up Mode Control and 
special function registers 
ae and clear RAM as required 
CLI Clear Interrupts 
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ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a “ are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 


SEQUENCE 
ADC Add Memory to Accumulator with Carry 
AND “AND” Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
*BBR Branch on Bit Reset Relative - 
*BBS Branch on Bit Set Relative 
BCC Branch on Carry Clear 
BCS Branch on Carry Set 
BEQ _ Branch on Result Zero 
BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus 
BNE Branch on Result not Zero 
BPL Branch on Result Plus 
BRK Force Break 
BVC Branch on Overflow Clear 
BVS Branch on Overflow Set 
CLC Clear Carry Flag 
CLD Clear Decimal Mode 
CLI Clear Interrupt Disable Bit 
CLV Clear Overflow Flag 
CMP Compare Memory.and Accumulator 
CPX Compare Memory and Index X 
CPY Compare Memory and Index Y 
DEC Decrement Memory by One 
DEX Decrement Index X by One a 
DEY Decrement Index Y by One 
EOR  ‘“Exclusive-Or’ Memory with 
Accumulator 
INC Increment Memory by One 
INX Increment Index X by One 
INY Increment Index Y by One 
.JMP Jump to New Location 
JSR —_ Jump to New Location Saving Return 


Address 
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Load Accumulator with Memory 
Load Index X with Memory 
Load Index Y with Memory 
Shift One Bit Right (Memory or 
Accumulator) 


No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 

Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit | 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory or 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit , 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transter Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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‘A.3 INSTRUCTION. CODE MATRIX 





BRK ; —OP Code | 
Q | Implied | —Addressing Mode - 
1 7 | —Instruction Bytes; Machine Cycles 


ORA 
(IND, X).. 
. | 2 6° 

cba mA CLC 

Relative ee), Implied 
P2242 So acess: 2 12 
Implied 
“414 

SEC 
| Implied 

422 

: : ‘PHA 
‘Implied | (IND, X) ; (| .2P | implied:t. - 
16] 26 /- : < on eee 
CLI”). 
implied 
ie ae ee 
PLA 
Implied 

1 4 


DEY "| TXA 

tmplied implied 

1 2 1 2-1. 
$s 


‘TYA ™ 

Implied Implied | 
12 
-- TAY 

Implied 















































Relative 
2 9 








INX 
Implied 
1 20 


‘| Implied 
1°2 

















(INO), ¥: 
2 oT: 




















"Add 1 to Nif page boundary is crossed. 
“*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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KEY REGISTER SUMMARY 


7 t) : 
ACCUMULATOR A 
7 = 0 

7 . 0 


- CARRY (C) @) 


"1 Carry Set 
-0.= Carry Clear 


ZERO (2) @) 


? 0 
To ry . 
STACK POINTER s 
; ] 
-Iiy} Te Tey [z]¢] enocesson status nec p- 


CPU Registers 


~ 


1 = Zero Result 
0 =Non-Zero Result, 


INTERRUPT DISABLE (1) @) 





1 = TRO Interrupt Disabled 
0 :: IRQ Interrupt Enabled 


DECIMAL MODE DO 


1 = Decimal Mode 
O=Binary Mode 


BREAK COMMAND (8) () 


1 = Braak Command 
0 =Non Break Command 


OVERFLOW (0) (3). 


1 <= Overtlow Set 
0 = Ovartlow Clear 


NEGATIVE (A) (7) 





NOTES 


" ; - & Not initialized by RES. _ 71 = Negative Value 
— Pred sfefede| ee re sine ey 
Processor Status Register 
P7det sted s] et fe | 
Bus Mode Sefect ‘ 1 1 Pulse Width Meas. 
ae irae ae 
0-——-1 Aaymmetric Pulse Generation 








‘Gounter B Mode Select = 
Mode Select 0 ——0 Interval Timer 
0 ——1 Pulse Generation 


1 ——0 Event Counter - 1FR, Addr 0011 






































1—— 0 Event Counter “i : aa 
1—— 1 Retriggerable Interval Timer IER fee Ls | ae Seka Lo | Addr 0012 
L Port 8 Latch L . s 
(1—Enable) ; at PAO Positive 
- Port D Tri-State a | : _ Edge Oetect 
ee (0—Tri-State High Impedance Mode) PAI Positive — 
0—— 0 Full Address : Eage Detect 


o———1. Normal. . 
1——0 Not Used 
1——=1 Not Used 


‘( PA2 Negative 
_ _ Edge Detect. 
PA3 Negative 
Edge Detect 
Counter A 
. Undertiow Flag. 
. Counter B 

Underflow Flag 


Mode Control Register 


Flag 
. Interrupt Enable and Flag Registers 


SCCR 


BOODSeooC pi ME ce ee 
0~Odd Parity : 


1~Even Parity 
0 Parity Oleable 
: . | Parity Enable 
O~ 6 Bits/Char 
1~7 Bits/Char 
D~ 6 Bita/Char 
_ 1~ 5 Bits/Cher 
0 ——0 XMTA & ACVR.ASYN Mode 
0-—- 1 XMTA ASYN, ACVR S/R 
1——X XMTA S/R, RCVR ASYN 
ORCVA Disable 
‘4 1 ACVR Enable 
“ 0 XMTA Dieable 
1 XMTR Enable XMTR Under-Run 


Serial Communications Control Register Serial Communications Status Register 
3-97 , , 










ACVA Date 
Reg Full 


RCVR Over-Rin 


Parity Error 





Frame Error 


- Wake-Up 





End of Transmission 


XMTR Data Reg Empty 
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| ‘APPENDIX C | 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


-C.1 /O AND INTERNAL REGISTER ADDRESSES 





ADDRESS 

















5 | (HEX) READ _ WRITE 
001F eee, = - . 
1E Lower Counter B Upper Latch B, Cntr B<Latcn B, CLA Flag 
1D Upper Counter B Upper Latch B, Latch C<—Latch B 
1c Lower Counter B, CLR Flag 2 Lower Latch B. 
“4B o- ae —_— 
“1A Lower Counter A Upper Latch A, Cntr ALatch A, CLR Flag 
19 Upper Counter A ; Upper Latch A 
18... ‘Lower Counter. A, CLA Flag Lower Latch A 
17 “Serial Receiver Data Register Serial Transmitter Data Register . 
16 Serial Comm. Status Register Serial Comm. Status Reg. Bits 4 & 5 only 
15 Serial Comm. Control Register: Serial Comm. Control Register : 
_14-" Mode Control Register o Made Control Register 
12 Interrupt Enable Register *. Interrupt Enable Register 
11 Interrupt Flag. Register == 
0010. Read FF : : Clear tnt Flag (Bits 0-3. only, Write O's only) 











0B | ‘RESERVED 
0A 

og These addresses are reserved and are used by the CPU during Read and Write 
0a operation over the external Data’ Bus (D0-D7). 
07 

06 

05 

04 

03 Port D Port D 

02 Port C Port C 

01 Port B Port B 





0000 Port A Port A 
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C.2 FULL ADDRESS MODE. —_ 
MEMORY MAP 

R65010. 






| 


RES VECTOR 


USEA PROGRAM ~ 


/ "INTERNAL 
/ BEGISTEAS 


/ 
/ 
/ RESERVED. 
/ é 


VO PORTS A,8,6,D |. 
= vo aResistens | ; 





-C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS 
—PORT C AND PORT D 
NUMBER - MODE FUNCTION. 
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- APPENDIXD 
ELECTRICAL SPECIFICATIONS 
Maximum Ratings 


RATING SYMBOL 
Input Voltage ; Vie -0.3 to +7.0 


| 



























Operating ‘Temperature Range, Commercial 








Storage Temperature Range —5§ to +150 


NOTE: This device contains circuitry to protect the inputs against damage due to high static valtages; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 








- D.C, Characteristics (Vo, = 5V +5%; Van = Voc Ves ='0; TA = 0 to 70°C) . 
CHARACTERISTIC . _ SYMBOL UNIT 
m 


Power Dissipation (Outputs High) , =. 
“} Commercial @ 0°C 


WwW 
RAM Standby Voltage (Retention Mode) 


-| RAM Standby Current (Retention Mode) | 
Commercial @ 25°C - 





Input High Voltage (Except XTLI): 
| Input: High Voltage (XTLI) 
Input Low Voltage 


Input Leakage Current (RES, NMI) 
Vin te 0 to 5.0 Vde 


Input Low Current PA, PB, PC, PD 
(Vit = 0.4 Vde) 


‘Output High Voltage (Except XTLO) 
(lugae = .100 w Adc) 





Output Low Voltage 
(Ihoag = 1.6 mAdc) 





Input Capacitance 
(Vin ~0, T, = 28°C, f = 1.0'MHz) 
XTLI, XTLO 
All Others 


‘| VO.Port Pull-Up Resistance © 
_- PAO-PA7, PBO-PB7, PCO-PC7 











‘Qutput Leakage Current 
Tri-State 1/O's while in 
High Impedance State 





Output Capacitance 
Tri-State I/O's while in 
High Impedance State 
Vii = OV, TA = 25°C, f = 1.0 MHz 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. ; 
_(t) at 26°C 
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E.1 GENERAL NOTES 
1. Veg = 5V +5%, 0°C < TA < 70°C 


2. A valid Veco — RES sequence is required before proper 
operation is achieved. , 


3. All timing reference levels are 0.8V and 2:0V, unless 
otherwise specified. 


4. All time units are nanoseconds, unless otherwise specified. 


5. All capacitive loading is 130pf maximum, except as noted 
below: — 


PA, PB — 50pf maximum 
PC (I/O Modes Only) — 50pf maximum 
PC (ABB and Mux Mode) — 130pf maximum 


-PC6, PC7 (Full Address Mode) — 130pf maximum 


XxTU 


(XTLO = Vax) 


gi2 


- APPENDIXE st 
TIMING REQUIREMENTS AND CHARACTERISTICS 


| SYMBOL | 


Tia Tie Input Clock Rise, 
Fall Time - 
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E.2 CLOCK TIMING 












PARAMETER 


Towns XTLI Input ‘Clock 1 500 
Pulse Width + 25— 
‘XTLO = VSS 7 


= 
Tewoe | Output Clock Pulse | Tows; } Tews: 
Width at Minimum + 25 | 
Tove uty oe 
Ti Te Output Clock Risa, ee 
Fall Time ; 










Ti; 
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E.3 1/0, EDGE DETECT, COUNTERS, AND SERIAL 1/O TIMING | 






Internal Write to Peripheral Data Valid 
PA, PB, PC TTL 
PA, PB, PC CMOS 
PD : 
Peripheral Data Setup Time 
PA, PB, PC 
PD; 
Peripheral Data Hold Time 
PA, PB, PC : 
PO 


at PAO-PA3 Edge Detect Pulse Width 


Counters A and B 
PA4, PAS Input Pulse Width 
- PA4, PAS Output Delay. 
Port B Latch Mode 
PAO Strabe Pulse Width - 
PB Data Setup Time 
PB Data Hold Time 
Serial YO ‘= 
PA6 XMTR TTL he ; 
PAB XMTR CMOS 
PA4 RCVR S/R Clock Width) 
PA4 XMTR Clock—S/R Mode (TTL) ° 
.PA4 XMTA Clock—S/R: Mode (CMOS) 
NOTE 1: Maximum Load Capacitance: 50pF 
Passive Pull-Up Required 


E.3.1 1/0, Edge Detect, Counter, and Serial I/O Timing 


Tove ——_——__» 





g2 1.574 kK 1S 


a i 
<j} ~~ 
PAQ-PA7 





P@0-PB7 oo 
PCO-PCT ‘ p 
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E.4 MICROPROCESSOR TIMING (DO-D7, 
A0-A12, A15, SYNC, R/W) 


DO-D7 Data Setup Time 
DO-D7 Read Hold Time 
DO-D7 Write Hold Time | 





DO-D7 Write Output 
Delay 








External Memory Access 
Time Tacc = Tere—Te— 
Taos—T psu 


SYNC Hold Time 








E.4.1 Microprocessor Timing Diagram 
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Rockwell 


R6500/1 
R6500 Microcomputer System 


R6500/1 


ONE-CHIP MICROCOMPUTER 


SECTION 1 
INTRODUCTION 


The Rockwell R6500/1 microcomputer is a complete 8-bit 
computer fabricated on a single chip using an N-channel sil- 
icon gate MOS process. The R6500/1 complements an 


established and growing line of RG500 products and has a 


wide range of microcornputer applications. ' 


The R6500/1 consists of an R6502 Central Processing Unit 
(CPU), 2048 bytes of Read Only Memory (ROM), 64 bytes of 
Random Access Memory (RAM) and interface circuitry for pe- 
ripheral devices. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplic- 
ity, results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/1 a 
leading candidate for microcomputer applications. 


To facilitate system and program development for the 
R6500/1, Rockwell has developed an R6500/1E Emulator 
part. A description of the R6500/1E is contained in Appen- 
dix D. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the A6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Document Number 29650N31). A description of the instruc- 
tion capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Docu- 
ment Number 29650N30}. 


FEATURES 


“@ Single-chip microcomputer 


@ R6502 software compatible 
@ Ejight-bit. parallel processing 
@ Decimal or binary arithmetic 
@ Variable length stack 
® True indexing capability 
® Thirteen addressing modes 
@ 1 of 2 MHz clock operation, with the following options: 
— External single clock input 
— RC time base input 
— Crystal time base input 
@ Single +5V power supply 
@ 500 mw operating power 
®@ Separate power pin for RAM with standby power only 10% of 
operating power 
2K x 8 ROM on chip 
64 x 8 RAM on chip 
40-pin dual in-line package 
64-pin Emulator part available, with 40 signals identical to 
production part 
@ Pipeline architecture 
@ 32 bidirectional TTL compatible I/O lines 
— 1 positive edge sensitive I/O line 
— 1 negative edge sensitive I/O line 
® 1 bidirectional TTL compatible counter I/O line 
@ 16-bit timer/counter 
@ Four timer/counter modes 
— Internal timer 
— Pulse generator 
— Event counter 
— Pulse width measurement 
@ Three maskable interrupts 
— 1 counter overtlow 
— 2 \/O edge detect 
@ NMI and Reset interrupts 





Document No. 29650N48 


Product Description Order No. 212 
June 1979 
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SECTION 2. 
R6500/1 INTERFACE REQUIREMENTS 





This section describes the interface requirements for the configuration and Table 2-1 describes the function of each 
R6500/1 single chip microcomputer. Figure 2-1 is the Inter- pin of the R6500/1. 
face Diagram for the R6500/1. Figure 2-2 shows the pin out , 


- IeLock |] €DGE 
-fOSCILLATOR DETECT 
INTERRUPT ee 
| a | A 
| | ina | rorre 


oe x8 
heen x8 
Se PORT D 82> PDO-PD7 
CONTROL COUNTER/ 
‘| REGISTER | | LATCH 


Figure 2-1. R6500/1 interface Diagram Figure 2-2. R6500/1 Pin Out Designation 
‘Table 2-1. R6500/1 Pin Description 





Signal Name Description 
“Main power supply + 5V 


Separate power pin for RAM. In the event that VCC power Is lost; this power retains 
RAM data. 


Signa! and power ground (OV) 
Crystal, clock or RC network input for internal clock oscillator. 
Crystal or AC. network output from internal clock oscillator. 


The Reset input is used to initialize the R6500/1. The signal must not transition from low 
to high for at least eight cycles after VCC reaches operating range and the internal oScil- 
lator has stabilized (see section 5). 


+10V input enables the test mode. 


NMI A negative going edge on. the Non- Maskable Interrupt signal requests that a. ie 
maskabte interrupt be gerierated within the eu, 


- PAO-PA7 - Four 8-bit ports used for either input/output. Each line consists of an active ee to 
PBO-PB7 - VSS and an optional passive pull-up to VCC. The two lower bits of the PA aot 
PCO-PC7 = (PAO-PA1) also serve as edge detect inputs with maskable interrupts. 

PDO-PD7. 


CNTR This line is used as a Counter input/output line. CNTR is an input in the Event Counter 
and Pulse Width Measurement modes and is an output in the Interval Timer and Pulse 
Generator. modes. It consists of an active transistor to VSS and an optional passive 
pull-up to VCC. 
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SECTION 3 
‘SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/1. 
A block diagram of the R6500/1 is presented in Figure 3-1. 


3.1 INDEX REGISTERS 


There are two 8-bit index registers, X and Y. Each index 
register can be used as a base to modify the address data 
program counter ‘and thus obtain a new address — the sum 
_ of the program counter contents and the and the index reg- 
ister contents. or 


_When executing: an instruction which specifies indirect 
: addressing, the CPU fetches the ap code and the address, 
and madifies the address’ from memory by adding the index 
": register to it prior to loading or storing the value of memory. 


"Indexing greatly” simplifies many types’ of programs, espe- 
cially those using data tables. 


_ 3.2 STACK POINTER 


’ The Stack Pointer is an 8-bit register. It is automatically 
incremented and. decremented under control of the micro- 
processor to perform stack manipulation in response to 





PROGRAM | PROGRAM 
COUNTER -| COUNTER 
HIGH.(PCHI} LOW (PCL) 


70 
ADDRESS - 


DECOOE — 








either user instructions or the interrupt lines NMI and IRQ. 
The Stack Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and’ simplification of many 
types of data manipulation. The JSR, BRK, RTI and ATS 
instructions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or “pushed”) onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the mem- 
ory location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1..'Each time data are read (or 
“pulled”) from the stack, the Stack Pointer is incremented 
by 1. The Stack Pointer is then placed on the Address Bus, 
and data are read from the memory.jocation addressed by 
the Pointer. a 


3.3 ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 


. ARITHMETIC 
& LOGIC 
UNIT (ALU) 


INDEX 
REGISTER 


tL 


INTERNAL DATA BU: 5 E 


_ Wo vo ne) 
| © PORTD- PORT C PORTA 


PO0-PD? PCD-PC7? - PBO-PB7 PAO-PAT 


70°  §0GE i 
_ PORTA Detect. 


CONTROL 
REGISTER 


ih 


PROCESSOR 
STATUS 
iP) 


COUNTER 
(16) 





"LATCH INTERRUPT TIMING clock 
{16) wocic * CONTROL OSCILLATOR 


Figure 3-1. R6500/1 Block Diagram 
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(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always 
gated into one of the storage registers or to external mem- 
ory during the next cycle. 


Each bit of the ALU has two Inputs. These inputs can be 
tied to various internal buses or to a logic zero; the ALU 
then generates the function (AND, OR, SUM, and so om 
using the data on the two inputs. 


3.4 ACCUMULATOR 


The accumulator is a general purpose 8-bit register: that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.5 PROGRAM COUNTER 


The 12-bit Program Counter provides the addresses that 
are used to step the processor through sequentiai instruc- 
tions in a program. Each time the processor fetches an 
instruction from program memory, the lower (least  signifi- 
cant) byte of the Program Counter (PCL) is placed on the 
low-order bits of the Address Bus and the higher (most sig- 
nificant) byte of the Program Counter (PCH) is placed on 
the high-order 4 bits of the Address Bus. The Counter is 
Incremented each time an instruction or data is fetched 
from program memory. 


3.6 INSTRUCTION REGISTER AND 
INSTRUCTION DECODE 


Instructions are fetched from ROM or RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt signals 
to generate contro! signals for the various registers. 


3.7 TIMING CONTROLS 


The Timing Control Logic keeps track of the specific instruc- 
tlon cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many 
cycles as are required to complete the instruction. Each 
data transfer which takes placa between the registers is 
caused by decoding the contents of both the instruction reg- 
Aster and timing control unit. 


3.8 INTERRUPT LOGIC 


Interrupt ipt_lagic controls t the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of three 
conditions: Counter Overflow, PAO Positive Edge Detected, 
and PA1 Negative Edge Detected. 
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3.9 CLOCK OSCILLATOR 


The Clock Oscillator provides the basic timing signals used 
by the R6500/1 CPU. The reference frequency is provided 
by an external source, and can be from a crystal, clock or 
RC network input. The RC network mode is a mask option. 
The external frequency can vary from 200 kHz to 4 MHz. 
The internal Phase 2 ($2) frequency is one-half the external 
reference frequency. Figure 3-2 shows typical connections. 


XTLI 


R6500/1 





XTLO 


a. Crystal Input 


vcc 


XTLI 
R6500/1 


NC XTLO 
b. Clock Input 


XTLI 


A=4.7K 2 (NOMINAL) 
(2MHz EXCITATION 
FREQUENCY) 


R6600/1 


XTLO 


c, RC Network Input (Mask Option) 


NOTE (1) CIS PROVIDED INTERNALLY BY THE R6500/1. 
(2) THE RC OPTION.IS AVAILABLE ONLY ON THE 
1 MHz R@500/1. 


Figure 3-2. Clock Oscillator Input Options 


3.10 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register; shown in Figure 3-3, 
contains. seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled. both 
by the user’s program and the CPU. The R6500 instruction 
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set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.10.1 CARRY BIT (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if.a carry. from the 
eighth bit has occurred or cleared to logic O if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (GLC) 
instruction, respectively. Other operations which affect the 
Carry Bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, 
ROR, RTi, and SBC. 


3.10.2 ZERO BIT (2) 


The Zero Bit (Z) is set to logic 1 by the CPU during any 
data movement or calculation which sets all 8 bits of the 
result to zero. This bit is cleared to logic O when the result- 
ant 8 bits of a data movément or calculation operation are 


not all zero. The R6S00 instruction set contains no instruc- 
tion. to specifically set or clear the Zero Bit. The Zero Bit is, 
however, affected by the following instructions: ADC, AND, 
ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TXA, TSX, and TYA. 


3.10.3 INTERRUPT DISABLE BIT (I) - 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. lf. the bit is set to logic 1, 
the IAQ signal will be ignored. The CPU will set the Inter- 
rupt Disable Bit to logic 1 if a RESET (RES) or Non- 
Maskablie Interrupt (NMI)-signal is detected. 


The | bit is cleared by the Clear Interrupt (CLI) instruction, 
the Pull Processor Status from Stack (PLP) instruction, or 
as the result of executing a Return from Interrupt (RTI) 
instruction (providing the Interrupt Disable Bit was cleared 
prior to the interrupt). The Interrupt Disable Bit may be set 
or cleared under program control using a Set Interrupt Disa- 
ble (SEl) or a Clear Interrupt Disable (CLI) instruction, 
respectively. _ 


7 6 5 4 3 2 1 o. 





CARRY (C) (1) 


1 = Carry Set 
O = Carry Clear 


ZERO (2) (1) 


1 
0 


Zero Result 
Non-Zero Result - 


INTERRUPT DISABLE (1) (2) 


{RQ Interrupt Disabled 
IRQ Interrupt Enabled 


1 
A et 
DECIMAL MODE (D) (1) 





NOTES . 
(1) Not initialized by 


RES 
(2) Set to Logic 1 by RES 


= Decimal Mode 
= Binary Mode 


BREAK COMMAND (B) (1} 


1 
0 


Break Command 
Not Break Command 


OVERFLOW (0} (1) 


1 = Overtlow Set 
O = Overflow Clear 


NEGATIVE (N) (1) 


1 
0 


Negative Value 
Positive Value 


Figure 3-3. Processor Status Register 
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3.10.4 DECIMAL MODE BIT (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 


mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to 
logic 0, the adder operates as a straight binary adder. The 
‘adder mode is controlled only by the programmer. The Set 
Decimal Mode (SED) instruction will set the D bit; the Clear 
Decimal Mode (CLD) instruction will clear it. The PLP and 
TI instructions also effect the Decimal Mode Bit. 


The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon .power application to 
6500/1. This bit must be initialized to the desired 
State by the user program or erroneous results may 
occur. 


3.10.5 BREAK BIT (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ 
service routine was entered because the CPU executed a 
BRK command, the Break Bit will be set to logic 1. If the 
IRG routine was entered as the result of an IRQ signal 
being generated, the B bit will be cleared to logic 0. There 
are no instructions which can set or clear this bit. 


3.10.6 OVERFLOW BIT (V} 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 <n < 
127). This indicator only has meaning when signed: arithme- 
tic: (sign and seven magnitude bits) is performed. When the 
ADC or SBC instruction is performed, the Overflow Bit is 
set ta logic 1 if the polarity of the sign bit (bit 7) is 
changed because the result exceeds +127 or -128; other- 
wise the bit is cleared to logic 0. The V bit may also be 
cleared by the programmer using a Clear Overflow (CLV) 
instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow fiag to reflect the condition of 
bit 6 in the sampled field. Duriing a BIT instruction the 


Overflow Bit is set equal ‘to.the content of the bit 6 on the: 


data tested with BIT” instruction. When used in this mode, 
the overflow: has nothing to-do with signed ‘arithmetic, - ‘but is 
just another sense bit for the microprocessor. instructions 
which affect the. V flag are ADC, BIT, CLV, PLP, RTI and 
SBC. 


3.10.7 NEGATIVE BIT (N). 


The Negative Bit (N) is used to indicate that the sign bit 
(bit 7), in the resulting value of a data movement or data 
arithmetic operation, is set to logic 1. If the sign bit is set 
to logic 1, the resulting value of the data movement or 
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= ‘Bit 


arithmetic operation is negative; if the sign bit is cleared, 
the result of the data movement or arithmetic operation s 
positive. There are no instructions that set or clear the Neg- 
ative Bit since the Negative Bit represents only the status of 
a result. The instructions that effect the state of the Nega- 
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, 
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, 
ORA, PLA, PLP, ROL, ROR, ATI, SBC, TAX, TAY, TSX, 
TXA, and TYA. 


3.11 2K x 8 ROM 


The R6500/1 2048 byte x 8-bit Read Only Memory (ROM) 
usually contains the user’s program instructions and other 


fixed constants. These program instructions and constants 


are mask-programmed into the ROM during fabrication of | 
the A6500/1 device. The R6500/1 ROM is memory mapped 
from 800 to FFF. 


3.12 64 x 8 RAM 


The 64 byte x 8-bit Random Access Memory (RAM) con- 
tains the user program stack and is used for scratchpad 
memory during system operation. This RAM is completely 
static in operation and requires no clock or dynamic refresh. 
The data contained in RAM is read out nondestructively 
with the same polarity as the input data. A standby power 
pin, VAR allows RAM memory to be maintained on 10% of 
the operating power. In the event that VCC power is lost 
and execution stops, this standby power retains RAM data 
until execution resumes. 


In order to take advantage of zero page addressing capabil- 
ities, the A6500/1 RAM is assigned page zero memory 
address 0 to O3F.. 


3.13 CONTROL REGISTER 


The Control! Register (CR), shown in Figure 3-4, is located 
at address O8F. The CR contains five control signals and 
three status signals. 


The control signals are summarized. in Table 3-1..The con- 
trol signals are set to logic 1 by writing logic 1 into the 
respective bit positions and cleared to ‘logic 0 either by writ- 
ing logic 0 | into the respective bit position or by the occur- 
rence of a RES signal. 


Table 3-1. CR Control Signals. 







Counter Mode Control 0 (CMCO) 
Counter Mode Control 1 (CMC1) 
PAI Interrupt. Enabled (A1 IE) 
PAO Interrupt Enabled (AOIE) 
Counter Interrupt Enabled (CIE) 


The three status signals are summarized in Table 3-2: 
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COUNTER MODE CONTROL (CMC1 & CMCO} 


Interval Timer 

Pulse Generator 

Event Counter 

Pulse Width Measurement 


Rout a 


PA1 INTERRUPT ENABLE (A1IE}° 


1 = Enable PA1 Interrupt 
0 = Disable PA1 Interrupt 


PAO INTERRUPT ENABLE (AOIE) 


1 = Enable PAO Interrupt 
0 = Disable PAO Interrupt 


COUNTER INTERRUPT ENABLE (CIE) 


1 = Enable Counter Interrupt 
0 = Disable Counter Interrupt 


PA1 NEGATIVE EDGE DETECTED (ATED) 


= PAI Negative Edge Detected 
= PA1 Negative Edge Not Detected 


PAO POSITIVE EDGE DETECTED (AOED) 


1 “PAO Positive Edge Detected 
0 PAO Positive Edge Not Detected 


COUNTER OVERFLOW (CTRO) 


1 Counter Overflow Occurred 
No Counter Overflow 





Figure 3-4. Control Register (CR) 


Table 3-2. CR Status Signals 


= Bit 
Status Signal Name 


PAt Negative Edge Detected (A1ED) 
PAO Positive Edge Detected (AED) 





Counter Overtiow (CTRO) 


The status signals are read-only information. The status bits 
are set to logic 1 by hardware monitoring logic and cleared 
to logic © by the occurrence of RES signal or by spacific 
address commands. Each of these signals is described in 
the following sections. 


3.13.1 COUNTER MODE CONTROL 0 AND 1 


Counter Mode Control signals CMCO and CMC1 (bits 0 and 
1) control the Counter operating modes. The modes of 
operation and the corresponding configuration of CMCO and 
CMC1 are summarized in Table 3-3. 


These modes are controlled by writing the appropriate bit 
values into the Counter Mode Control bits. 
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- Table 3-3. Counter Mode Control Selection 


Interval Timer. 
Pulse Generator 


Event Counter 





Pulse Width Measurement 


The Counter is set to the Interval. Timer Mode. (00) when a 
RES ‘signal is generated or if the user program. stores logic 
0 into Bits 0 and 1 of the Control Register. A. complete 
description of each of the Counter modes is given in. Sec- 
tion 3.14.1. 


3.13.2 PA1 INTERRUPT ENABLE BIT (A1lE) 


If the PA1 Interrupt Enable Bit (CR2) is set to logic 1, an 
IRQ interrupt request signal will be generated when the 
PAt Negative Edge Detected Bit (CRS) is set. 
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3.13.3 PAO INTERRUPT ENABLE BIT (AOIE) 


It It the PAO Interrupt Enable Bit (CR8) is set to fogic: 1, the 
iRQ interrupt request signal will be generated. when the 
PAO Positive Edge Detected Bit (CR6) is set. 


9.13.4 COUNTER INTERRUPT ENABLE BIT (CIE) 


it the _C Counter Interrupt. Enable Bit (CR4) is set to logic he 
the iRQ ‘Interrupt request. signal will be penorated when 
Counter Overflow (CR7) is set. 


3.13.5 PA1 NEGATIVE EDGE DETECTED BIT 
(A1ED) 


The PAI Negative Edge. Detected. Bit (CRS) is set to. logic 
1 whenever .a negative (falling) edge is detected on PAI. 
This bit is cleared to logic 0 by RES or by writing to 
‘address O8A. 


The edge. detecting circuitry is active when PA1 is used 
either as an input or as._an output. When PA1 is used as 
an output, A1ED will be set when the negative edge is 
detected during'a logical 1 to 0 transition. , 


When PA? is used as an input and the negative edge 
detecting circuitry is used, A1ED should be cleared by the 


user program upon initialization and when the PA1 Negative. 


Edge Detected (RQ processing is completed. 
3.13.6 PAO POSTIIVE EDGE DETECTED BIT (AOED) 


The PAO Positive Edge Detected ‘Bit (CR6) is set to logic 1 
_whenever a positive. (rising) edge is detected on PAO. The 
bit is cleared to logic 0 by RES or by writing to address 
089. 


The edge. detecting circuitry is active when PAO is used 
either as an input or as an output. When PAO is uséd as 
an output, AOED will be set when the Positive edge is 
‘detected during a logical Oto 1 transition. 


“When PAO is. used. as..an input and ‘the positive edge 
‘detecting circuitry is used, AOED should be cleared by the 
user program .upon injtialization and upon completion of 
PAO Positive Edge Detected IRQ processing. . 


3.13.7 COUNTER OVERFLOW. BIT (CTRO) 


The Counter Overflow Bit (cR7) is. set to” logic 1 whenever 
a counter overflow occurs in any of the four counter operat- 
ing modes. Overflow occurs when the counter is decre- 
mented one count from 0000. This bit is cleared to logic 0 
by RES or ‘by reading from address 087 or writing to 
address 088. 


This bit should be cleared by: the usér. program upon 
initialization and upon completion of Counter Overtiow IRQ 
_ interrupt processing. 


“When a Counter Overflow:occurs, the Upper Count (UC) in ad- 


dress 086 and the Lower Count (LC) in address 087 are resetto 
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the values contained in the Upper Latch (UL) in address 084 and 
in the Lower Latch (LL) in address 085, respectively. Therefore, it 
is important to load the Lower Latch value prior to executing the 
Write to Upper Latch and Transfer Latch to Counter (address 
088) in order to prevent an unpredicted reoccurrence of Counter 
Overflow and, if enabled, an TRO interrupt request. ~ 


3.14 COUNTER/LATCH 


The Counter/Latch consists of a 16-bit Counter and a. 16-bit 
Latch. The Counter resides in two 8-bit registers: address: 
086 contains the Upper Count value (bits 8-15 of the Coun- 
ter) and address 087 contains the Lower Count value (bits 
0-7 of the Counter). The Counter contains the count of. 
either $2 clock periods or external events depending on 
which counter mode is selected in the Control Register 
{Section 3.13.1). 


The Latch contains the Counter initialization value. The 
Latch resides in two &-bit registers: address 084 contains 
the Upper Latch value (bits 8-15 of the Latch) and address 
085 contains. the Lower Latch value (bits 0-7 of the Latch). 
The 16-bit Latch can hold values from 0 to 65535, 


The Latch registers can be loaded at any time by executing 
a write to the Upper Latch Address (084) and the Lower 
Latch Address (085). In each case, the contents of.the 
Accumulator are copied into the applicable Latch register. 
The Upper Latch and Lower Latch can be loaded independ- 
ently; it-is not .equired’ to load both registers at the same 
time or sequentially. The Upper Latch can also be loaded 
-by writing to address O88. 


The Counter can be initialized at.any time by writing to 
address 088. The contents of the Accumulator will be cop- 
ied into the Upper Latch before the value in the Upper 
Latch is transferred to the Upper Counter. 


The Counter will also be initialized to the Latch value when- 
ever the Counter overflows. When the Counter decrements 
from 0000, the next Counter value will be the Latch value, 
not FFFF. 


Whenever the Counter overflows, the Counter Overflow Bit 
(CR7) Is set to logic 1. This bit is cleared whenever the 
lower elght bits of the counter are read from. address 087 
or by writing to address 088. 


3.14.1 COUNTER MODES 


The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Con- 
trol Register. 


Mode CMC1 CMCO 
Interval Timer 0 0: 
Pulse Generator 0 1 
Event Counter 1 re] 
Pulse Width Measurement 4 4 
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The Interval Timer, Pulse Generator, and Pulse Width 
Measurement Modes are $2 clock counter modes. The 
Event .Counter Mode counts the occurrences of an external 
event on the CNTR line. 


Interval Timer (Mode 0) 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the ‘Load 

, Upper Latch and Transfer Latch to counter address 
(088), the Counter is loaded with the Latch value. Note 
that the contents of the Accumulator are loaded into 
the Upper Latch before the Latch value is transferred 
to the Counter. 


The Counter-value is decremented by one count at the 92 clock 
rate. The 16-bit Counter-can hold from 1 to 65535 counts. The 


COUNTER 


Counter Timer capacity is therefore 1425 to 65.535ms at the 1 
MHz @2 clock rate or 0.5us to 32.768ms at the 2 MHz $2 clock 
rate. Time intervals greater than the maximum Counter value can 
be easily measured by counting IRQ interrupt requests in the 
counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter 
Overflow (CR7).is set to logic 1 at the next.#2 clock pulse. 
If the Counter Interrupt enable bit. (CR4) is also set, an IRQ 
interrupt request will be generated. ‘The Counter Overflow 
bit in the Control Register can be examined in the IRQ 
interrupt routine to determine that the: TRO was generated 
by the Counter Ovarflow. 


While the timer is operating in the Interval Timer Mode, the 
Counter Out/Event line is held in the high (output disabled) 
state, 


A timing diagram of the Interval Timer Mode is shown in 
Figure 3-5. 


COUNTER OVERFLOW 


ao ee 


COUNTER INTERRUPT ENABLED ; 


SET ANY TIME S8EFORE 


COUNTER OVERFLOW 


HELD HIGH IN MODE 00 





COUNTER OVERFLOW 


Figure. 3-5. Interval Timer (Mode 0) Timing Diagram 


Pulse Generator Mode (Mode 1) 


In the Pulse Generator mode, the Counter Out/Event !n line 
(CNTR) operates as a Counter Out. The CNTR line toggles 
from low to high or from high to low whenever a Counter 
Overflow occurs, or a write is performed to address 088. 


Either a symmetric or asymmetric output waveform can be 
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output on the CNTR jine in this mode. The CNTR output is 
initialized high by a RES since the Interval Timer mode is 
established by RES. 


A one-shot waveform can be easily generated by changing 
from Mode 1 Pulse Generator to Mode 0 (Interval Timer) 
after only one occurrence of the output toggle condition. 
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Event Counter Mode (Mode 2) 


In thls mode the CNTR line is used as an. Event In line, 
and the Counter with decrement with each rising edge 
detected on this line. The maximum rate at which this edge 
can be detected is one-half the 62 clock rate. , 


The Counter can count up to 65,535 occurrences before 
overtlowing.. As in the other modes, the Counter Overflow 
bit (CR7) is set to logic 1 if the overflow occurs. 


Figure 3-6 is a timing diagram of the Event Counter Mode. 
Pulse Width Measurement Mode (Mode 3) 


This mode allows the accurate measurement of a low pulse 
duration on the CNTR line. In this mode, CNTR is used in 
the Event In capacity. The Counter decrements by one 


count at the 2. clock rate as ‘long as the CNTR line is: held 
in the low state. The. Counter is stopped when CNTR Is in 
the high state. 


lf the CNTR pin is left disconnected, this mode may be 
selected to stop the Counter since the internal pull-up 
device will cause the CNTR input to be in the high (>2.0V) 
state. 


A timing diagram for the Pulse Width Measurement ae is 


shown in Figure 3-7. 


3.15 INPUT/OUTPUT PORTS 


The. A6500/1 provides four 8-bit Input/Output (I/O) ports 
(PA, PB, PC, PD). These 32 I/O lines are completely 
bidirectional. All lines may be used either for input or output 
in any combination; that is, there are no line grouping or 
port association restrictions. 





Figure 3-7. Pulse Width Measurement (Mode 3) 
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The direction of the 32 I/O lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with the 
I/O ports, which simplifies 1/O handling. The I/O addresses are 
shown in Table 3-4. 


Table 3-4. VO Port Addresses 


el 





Figure 3-8 shows the.1/O Port Timings. 


3.15.1 INPUTS 


Inputs are. enabled by toading logic 1 into all |/O port register bit 
positions that are to correspond to {/O input lines. A low (<0.8V) 
input signal will cause a logic 0 to be read when a read instruction 
is issued to the port register. A high (>2.0V) input will cause a 
logic 1 to be read. An RES signal forces all |1/O. port registers to 
logic 1 thus initially treating all I/O lines as inputs. 


1/0 PORT OUTPUT TIMING 


INTERNAL RAW 


PA, PB, PC, PD OUTPUT 


1/O PORT INPUT TIMING 


@2 


INTERNAL AAW 


PA, PB, PC, PD INPUT 


The status of the input lines can be interrogated at any 
time by reading the /O porn addresses. Note that this will 
return. the actual status of the input lines, not the data writ- 
ten into the 1/O port registers. 


3.15.2 OUTPUTS 


Outputs are controlled by writing the desired I/O line output 
states into the corresponding I/O port register bit positions. 
A logic 1 will force a high (>2.4V) output while a logic 0 
will force a low (<0.4V) output. 


3.15.3 EDGE DETECTION CAPABILITY 


Ports PAO and PA1 have an edge detection capability. Fig- 


ure 3-9 shows the edge detection timing. 
PAO Positive Edge Detecting Capability 


In addition to its normal VO function, PAO will detect an 
asynchronous positive (rising) edge signal and set the PAO 
Positive Edge Detected signal (CR6) to logic 1. The maxi- 
mum rate at which this positive edge can be detected is 


one-half the 92 clock rate. 


If the PAO interrupt Enable Bit (CR3) is set, an IRQ inter- 
rupt request will also be generated. The PAO Positive Edge 
Detected signal can be.cleared by writing to address 089. 





Figure 3-8. I/O Port Timing: 
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EDGE DETECT 
WINDOW 


ina : | *SEE NOTE 





*NOTE: IRQ WILL STAY LOW UNTIL IT IS SERVICED 





Figure 3-9. PAO and PA1 Edge Detection Timing 


PA1 Negative Edge Detecting Capability: 3.16 MASK OPTIONS 

In addition to “its normal V/O function, PA1 will detect an An option is provided to delete the internal pull-up resistance from 
asynchronous negative (falling) edge signal and set the PA1. PA, PB, PC and/or PD ports at mask time. This option is available 
Negative Edge Detected signal (CRS) to logic 1. The maxi- for 8-bit port groups only, not for individual port lines. This option 
mum rate at which this negative edge can be detected is ‘may by used to aid interface with CMOS drivers, or in order to 
one-half the 2 clock rate. interface with external pull-up devices. 


If the PA1 Interrupt Enable signal (CR2) is set, an IRQ 

interrupt request will also be generated. The PA Negative 

Edge Detected signal may be cleared by writing to address An option is also provided to delete the ‘internal pull- bs 
OBA. , resistance on the CNTR line. 
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a | SECTION 4 
IRQ INTERRUPT REQUEST GENERATION 


An IRQ interrupt request can be initiated by any or all of 
three possible sources. These sources are all capable of 
being enabled or disabled by the use of the appropriate 
interrupt enabled bits in the Control Register. 


The first source of IRQ is Counter Overflow. The IRQ interrupt 
request will be driven low whenever both the Counter Interrupt 
Enable (CR4) and the Counter Overflow enn) are logic 1. 


The second source of iRQ is detection of a positive edge 
on PAO. The IRQ inerrupt request will be driven low when- 
ever both the PAO Interrupt Enable (CR3) and the PAO 
Positive Edge Detected (CR6).are logic 1. 


The third source of iRQ is detection of a negative edge on 
PA1, The IRQ: interrupt request will be driven. low whenever 


both the PA1 Interrupt Enable: (CR2) and the. PA1 Negative. 


Edge Detected (CRS) are. logic 1. 
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-Multiple simultaneous interrupts will cause the IRQ interrupt 


fequest to remain active until all interrupting conditions have 


.been serviced. and cleared. 


0. 
y CAUTION 
PEDPOLDOPPOOR - 


If the same data, i.e., the same RAM, counter/latch or I/O 
addresses, are operated on asynchronously by a normal 
processing routine and by an interrupt service routine, care 
must be taken to prevent loss of data due to. the interrupt 
routine altering the data during update of the data by the 
normal processing routine. This situation can be prevented 
by disabling the {RQ interrupt with the SEI. instruction be- 
fore starting the data update in the normal processing and 
then enabling the interrupt with the CLI instruction upon 
completion of data update. 
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SECTION 5 ae 
POWER ON/OFF CONSIDERATIONS 


5.1 POWER-ON RESET 


The occurrence of RES going from low to high will cause 
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the 
Processor Status Register — and initiate a reset vector fetch 
at address FFE and FFF to begin user program execution. 
All of the /O ports (PA, PB, PC, and PD) and CNTR will 
be forced to the high (logic 1) state. All bits of the Control 
Register will be cleared to logic 0 causing the Interval 
Timer counter mode (mode 00) to be selected and causing 
all interrupt enabled bits to be reset. 


5.2 POWER ON/OFF TIMING 


After application of VCC power to the R6500/1, RES must 
be held low for at least eight $2 clock cycles after VCC 
teaches operating range and the internal clock oscillator has 
stabilized. This stabilization time is dependent upon the 
input VCC voltage and performance of the crystal, clock, or 
RC network input circuit. The clock oscillator output can be 
monitored on XTLO (pin 11). 


Figure 5-1 illustrates the power turn-on waveforms. 


5.3 RAM DATA RETENTION — VRR 
_ REQUIREMENTS : 


For. the. RAM to retain data upon ‘loss. of of VCC, VRR must 
be supplied. within operating range and RES must be driven 


POWER ON 


low at least eight $2 clock pulses before VCC falls out of 
operating range. RES must then be held low while VCC is 
out of operating range and until at least eight $2 clock 


cycles after VCC is again within operating range and the 


internal’ $2 oscillator is stabilzed. VRR must remain within 
VCC operation range during normal R6500/1 operation. 
When VCC is out of operating. range, VRR must remain 


‘within the VRR retention range in order to retain data. Fig- 


ure 5-2 shows typical waveforms. 
5.4 RAM DATA RETENTION OPERATION 


The requirement for R6500/1 RAM data retention and re- 
start operation is application dependent. If R6500/1 RAM 
data retention is not required during loss of VCC, then VARA 
can be connected to the same power source as VCC. 
With this configuration a complete initialization of A6500/1 
program variables’ in RAM is required upon VCC and VRR 
power application... 


If the R6500/1 RAM is to retain data during loss of VCC, 
the following is required: 


1. Connection of: VCC and VAR to separate power Sipplles 
or to the.same primary power supply with isolation 
diodes and: battery or other backup power for VRR.. 


2. VCC power monitor hardware with power loss and 
cold/warm start indications to the R6500/1. 


3 Power. loss detection . as. well as. cold and warm start 
initialization in the Fig500/1 program. 


jax—cLock STABILIZATION TIME —emy 





es #2 CLOCKS CYCLES MIN. 


Figure 5-1. Power Turn-On Timing Detail 
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| RAM OPERATING MODE | RAM RETENTION MODE | 


VRR 


vec 


G) INITIAL APPLICATION OF VCC AND VAR. 
@) LOSS OF VCC, RAM ON STANDBY POWER. 


@)_ REAPPLICATION OF vcc, 





>'8 $2 CLOCK PULSES AFTER $2 OSCILLATOR STABILIZATION. 


() >8 $2 CLOCK PULSES. 





Figure 5-2. RAM Retention Mode Timing 


The power monitor hardware must sense the loss of VCC 
power in sufficient time to allow the R6500/1 to save re- 
quired CPU register data in RAM. The power loss indication 
line can be connected to the NMI interrupt input in order to 
cause an immediate R6500/1 interrupt upon power loss 
detection. 


The power monitor hardware should also provide an indica- 
tion of cold start (initial VCC and VRR power application) or 
warm start (VCC power re-application while VRR is retained 
on backup power) provided as input on a data |/O pin. 


A level indication is sufficient. The R6500/1 program can 
then initialize all, or partial, program variables upon initial- 
ization then jump to any other starting address as required 
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depending upon cold/warm start condition. 


Upon power loss detection, the R6500/1 should save all required 
CPU register data in either the stack or dedicated RAM. The stack 
may be preferred if dedicated RAMis not available. Ifthe program 
is to restart at the interrupted address, then all CPU registers 
must be saved, i.e.,S, P, PC, A, X, and Y. The stack pointer must 
be saved ina dedicated RAM address. Note that processor status 
P andthe program counter, PC, are already saved on the stack by 
the NMI interrupt R6500/1 hardware processing. If the warm start 
can be performed at a specific address, then the saving of the 
register data at power loss detection may not be required. Figure 
5-3 shows top level flowcharts of typical power down and 
power-up processing. 
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NMI INTERRUPT 


ACQUIRE/COMPUTE 
AND SAVE DATA COMMON INITIALIZATION 
AS REQUIRED 


SAVE A, X,& Y INSTACK 
SAVE S IN DEDICATED RAM 





coLD WARM 
JMP TO PC? START START 
ADDRESS ADDRESS 


INITIALIZE COLD START INITIALIZE WARM START 
*HANG UP IN SHORT 
LOOP UNTIL EXECUTION UNIQUE VARIABLES UNIQUE VARIABLES 


TERMINATES 


RESTORE S FROM DEDICATED RAI 


a, Program Recovery at 
g y CONTINUE RESTORE A, X, Y FROM STACK 


Address of Interruption 


NMI INTERRUPT 


ACQUIRE/COMPUTE & 
SAVE DATA AS COMMON INITIALIZATION 
REQUIRED. | 


JMP TO PC*. 


*HANG UP IN SHORT ~ : 
LOOP UNTIL EXECUTION COLD. WARM 
TERMINATES START oe START 

-ADDRESS © . ADDRESS. 


“INITIALIZE COLD START INITIALIZE WARM START 
UNIQUE VARIABLES | UNIQUE VARIABLES 
b, Program Recovery at 


Specific Restart Address CONTINUE } CONTINUE 





Figure 5-3. Typical R6500/1 Power Loss Recovery Flowcharts 
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SECTION 6 
TEST 


6.1 TEST MODE 


The FR6500/1 test function is multiplexed on the RES input 
pin. The three input states for this pin are: 


1. <0.8V Reset state. All R6500/1 outputs are. 
forced to the high state. 
2. >2.0V and Normai run state. The low-to high transi- 
<5,5V tion on the RES pin initiates fetch of the 
reset vector from address FFC and FFD 
and starts user program execution at the 
vectored address. . 
3. >10.0V and Test state, The only internal action that 
-<10.5V takes place.is switching of the data 


source for instruction memory from in- 
ternal ROM to I/O port "C”. Bit 0 of port 
“Cis the data least significant bit (LSB). 


The test mode allows instructions and data to be input externally 
through I/O port “C”. This capability is used at Rockwell to test all 
of the R6500/1 logic, registers and internal data RAM. A ROM 
dump may be accomplished by using the test feature to load into 
the internal RAM a small program to fetch each byte of ROM and 
output it to an I/O port. After this program is loaded the CPU is 
directed to begin execution out of RAM, e.g., JMP to 00. After the 
jump is executed, the RES line |s returned to the normal run state. 
The normal run state allows data fetches:to occur out of the 
internal ROM and returns port 'C” to its normal function. 


The detail support hardware and software required to use 
the FR6500/1 test mode is fairly complex and time critical. 
For normal application testing, it is recommended that a test 
program be loaded into RAM and executed as explained in 
Section 6.2. 


6.2 PROGRAM LOADING INTO RAM 


A test or application program can easily be loaded into the 
R6500/1 RAM and executed without forcing the R6500/1 
into the test mode. To do this, a shc:t program loader func- 
tion must be permanently included in the application program 
stored in ROM. Upon test mode selection during A6500/1 


initialization, the loader reads instructions or data from an 


VO port and stores them into RAM. At the first completion 
of the load, the loader then jumps to the first instruction In 
RAM to start program execution. 


A program is described which may be used to load test or 
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application program into RAM. It can easily be adapted to 
specific requirements by re-assigning VO as required, The 
loader uses positive handshake between the R6500/1 and 
the interfacing host equipment. One 1/O line is dedicated to 
the test mode selection. The other pins assigned to loader 
interface signals may be assigned. to normal application VO 
intarface signals when the test mode is not selected. 


/O is assigned for the RAM Program Loader as follows: 

PAO Data Ready (DR) — Positive edge indi- 
cates data is ready for sampling by the 
R6500/1. 


End of Data (EOD) — Negative edge 
indicates that all the data has been 
transferred to the R6500/1. 


Data Taken (DT) — 
: = Data Not Taken 
= Data Taken 


Normal Mode Select (NMS) — 
0 = Test Mode 
1 = Normal Mode 


PA? 


PB7-PBO Data input, i.e., instruction or data (PB7 


= MSB, PBO = LSB) 


The flowchart in Figure 6-1 shows the loader operation. The 
handshake waveforms between the R6500/1 and the host 
are illustrated in Figure 6-2. The following description corre- 
sponds to the handshake events identified in Figure 6-2: 


1) Host sees PA2 high, which indicates previous data, if 
any, has been taken by the R6500/1.. The host then 
drops PAO low to indicate new data is not ready. This 
signal should be initialized Jow by the host. 


2) R6500/1 detects PAO low then drops PA2 low to indi- 
cate that data has not been taken. 


3) Host sees PA2 low then sets up new data. 
4) Host sets PAO high to indicate new data is ready. 


5) Upon detecting positive edge of PAO, A6500/1 reads 
data on PB?7-PBO. R6500/1 then sets PA2 high to Indi- 
-’ cate that the data has been taken. 


6 When no more data is available, the host drops PA1 
low to indicate end of data (EOD). The R6500/1 then 
jumps to address $000 to start program execution. If all 
RAM is loaded without EOD detected, the R6500/1 also 
jumps to address $000. 


An assembly listing of the RAM Program Loader is shown 
in Table 6-1. 





R6500/1 


INITIALIZE STACK POINTEA 
$3F%>S 
CLEAR DECIMAL MODE 
INITIALIZE RAM INDEX TO 0 


TEST 
MODE 
SELECTED? 


RESET DATA TAKEN 
0 -> PA2 


DATA 
READY? 


1 = PAO POS EDGE 
DETECTED = YES 


CLEAR PAO POS EDGE DETECTED 
LOAD DATA FROM PORT B 
STORE INTO RAM 


SET DATA TAKEN 
1-PPA2 


INCREMENT RAM INDEX 


=64= YES 


JMP TO TEST 
PROGRAM 


JMP NORMAL 
PROGRAM 


One-Ch 


lp Microcomputer 


1= PAT NEG EDGE 
DETECTED = Y€S 


PA1 NEG EDGE 
DETECTED = YES 


Figure 6-1. RAM Program Loader Flowchart 
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DATA STABLE 


DATA (PB?7-PBO) 
DATA READY (DR) (PAQ) 


DATA TAKEN (DT) (PA2) 


END OF DATA (EOD) (PA1) 





Figure 6-2. R6500/1 RAM Program Load Handshake 


~ 
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Errars = 0000 <0000> 
End of Assembly 


A2 3F 
9A 
D8 
A2 00 
AS 80 
30 2D 


AS 80 
4A 
BO 10 


AQ FB 
B5 80 


AQ 20 
24 8F 
50 1A 


85 89 
A5 81 
95 00 
AQ FF 
85 80 
Es 

E0 40 
DO E2 


4C 00 00 


AQ 20 
25 8F 
FO D9 
DO F5 


FO DE 
DO F1 


PORTA = $80 
CLRPAO = $89 
CTLREG = $8F 
BEGIN = $000 


Reset 


JMPBEG 
EODCK1 


EODCK2 


INIT 


RES 


*=$0800 
LDX #$3F 
TXS 

CLD 

LDX #$00 
LDA PORTA 
BMI INIT 


LDA PORTA 
LSA A 
BCS EODCK1 


LDA #$FB 
STA PORTA 


LDA #$20 
BIT CTLREG 
BVC EODCK2 


STA CLRPAO 
LDA PORTB 
STA BEGIN,X 
LDA #$FF 
STA PORTA 
INX 

CPX #$40 
BNE PAZCK 


JMP BEGIN 


LDA #$20 
AND CTLREG 
BEQ PAZCK 
BNE JMPBEG 


BEQ RDYCK 
BNE JMPBEG 


*=$FFC 
.WOR RESET 
.END 
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;Port A Address 

;CLR PAO Edge Detect 
;Control Register 

;RAM First Address 


Initialize Stack Painter 

‘Set Binary Add Mode 

Mnitialize RAM Index 

;Test Mode Selected (PA7 = 0)? 
‘Yes 





;Data Ready High (PAO = 1)? 


;No, Reset Data Taken 
:0->PA2 


;Data Ready (PAO Pos Edge Detected)? 


Yes, Clear PAO Pos Edge Detected 
;Load Data From Port B 
Store in RAM 


Set Data Taken (1->PA2) 
;increment RAM Index 


ils RAM Full? 


‘Yes, Go To RAM Program Execution 


;End of Data (PA1 Neg Edge Detected)? 
Yes, Go To RAM Program Execution 


;End of Data (PA1 Neg Edge Detected)? 
Yes, Go To Ram Program Execution 


iFirst Address of Normal Program 


:;Reset Vector 
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APPENDIX A — SYSTEM MEMORY MAP 


HEX 





















ROM 


NMI: Vector Low 


A6500/1E User Program 






Unassigned 


Contro! Register’ : 


Unassigned 


Clear PA1 Neg Edge Detected (Write Only} . (1) 
Clear PAO Pos Edge Detected (Write Only) ; (1) 
Upper Latch and Transfer Latch to Counter (Write Only) (2) 

(2) 






087 Input/Output 


[Simertacn wien 


PORT A 









Unassigned 


User RAM 


Notes: 
(1) 140 command only; i.e., no stored data. 
(2) Clears Counter Overflow — Bit 7 in Control Register. 





03F 
RAM 
000 
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APPENDIX B — R6500 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction set. For detailed information, consult the R6500 Microcomputer Sys- 
tem Programming Manual, Document 29650 N30. 


B.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


ADC 
AND 
ASL 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Carry Clear 

Branch On Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Resuit not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 

Decrement Index X by One 

Decrement Index Y by One 
“Exclusive-Or” Memory with Accumulator 
Increment Memory by One 

Increment Index X by. One 

Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Retum Address 
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Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 





No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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B2. INSTRUCTION SET SUMMARY TABLE 


765 432 710) 
Pecans [oman for] foro [fowl = foo] ef] of for = [efor] =] or] «foo o] fod | efor] a] or] =] «for -| See Te 
NV ie 6 2 6 2E 


AeMs+€-~-A  (4)(1)]69] 2 so] 4 65| 3/2 | 71 76 2 |7O] 443 |79] 413 
AAM—A (1) 20} 2 20| 4 25[ 3/2 un ci) 2130] 4/3 ]39] 4] 3 
c 7-0 0E| 6 06] 5] 2 16 2)1e| 7/3 
BRANCHONC = 0 (2) i ; 
BRANCHONC = 1 
BRANCHONZ = 1 (2) 




























AAM 
BRANCHONN = 1 
BRANCH ONZ = 0 
BRANCHONA = 0 
BREAK 
BRANCHONV = 0 (2) 
BRANCH ON Vel (2) 
o-¢ 
0-D 










(2) 
(2) 
(2) 



















































S$) 2 

















Main 
Yui ~¥ 
JUMP TO NEW LOC. ; 
JUMP SUB 

M=a 
M =x 
M+Y 
o-f. 7Td-c¢ 
NO OPERATION 
AVYM—-A 






































id (So 
RTANINT 
ATAN SUB 


A-M-T+A 



























a) 



























































A A aA HA ALTA GH HH HIF HH DBD DID VD OD 
<-« * Y PTr Aa a mim Moan | OlO Ce 


rn Pw aIM KK Om 







po Pp x 49M «KK PF 








<x «MY blP A a 








ADO Ito 'N IF PAGE BOUNDARY IS CROSSED 


121 ADD1TO N IF BRANCH OCCURS TO SAME PAGE 
ADD2TO 'N IF BRANCH OCCURS TO DIFFERENT PAGE 








INDEX x , MEMORY 61T7 
INDEX Y - SUBTRACT M, MEMORY BIT 6 


x 
Y 
A ACCUMULATOR 
M 













: A AN n NO. CY 
CARRY NOT - BORROW 0 O. CYCLES 
MEMORY PER EFFECTIVE ADDRESS von « NO. 8YTES 
(41 {FIN DECIMAL MODE. 2 FLAG [5 INVALID 
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULI MEMORY PER STACK POINTER ¥ EXCLUSIVE OFA 
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APPENDIX C — SYSTEM SPECIFICATIONS 


MAXIMUM RATINGS” 


—Feramator | Symbor | vatue [Unie] 
"Sunny vorage | Veg | 0a +7 | vee | 
Pout vote [va | 0 +70 | ee 


Operating Temperature | 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 


sections of this document is not implied. Exposure to absolute 


0 to.+70 


Commercial 
Industrial -40'to +85 


Storage Temperature -55 to +150 : 


maximum rating conditions for extended periods may affect 
device reliability. 





STATIC DC CHARACTERISTICS 


(Voc = 5.0V +10%, for R6500/1, Voc = 5V +5% for RE500/1A) 
Parameter [win tye|~sx 
Power Dissipation (Outputs High) Pp 


O°C to +70°C 
- 40°C to +85°C 


RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) lag 
0°C to +70°C 
- 40°C to +85°C 

































Input High Voltage (Normal Operating Levels) Vin | to fl Voc Vde 
Input Low Voltage (Normal Operating Levels) , Vie | os | Ut de 
Input Leakage Current : hin ar es eo pAdc 

Vin = 0 to 5.0 Vde RES, NMI +1.0 +25 
Input High Volage OXTLI: Vine +4.0 ae Vde 

Vine 03 = 

Input Low Current 

(Vy. = 0.4 Vdc) 
Output High Voltage 


(Veg = min, Ioap = - 100 pAdc) 


Output High Voltage 
(Vcg = min) 
-Output Low Voltage 
(Voc = min, lLoaD = 1.6 mAdc) 
’ Output High Current (Sourcing) 
(Voy = .2.4 Vide) 
Output Low Current (Sinking) 
(Vo. = 0.4 Vdc) 
Input Capacitance 
(Vin—O;- Ta = 25°C, f = 1.0 MHz) 
PA, PB, PC, PD, CNTR 
XTLI, XTLO 
Output Capacitance 
(Vin—0, Ta = 25°C, f = 
VO Port Resistance °~ 
PAO-PA7, PBO-PB7, PCO-PC7, PD0-PD7, CNTR 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 











1.0 MHz) 
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AC CHARACTERISTICS 
(Veo = 5V + 10% for R6500/1, Voc = 5V +% for R6500/1A) 








Parameter 
XTLI Input Clock Cycle Time 
Internal Write to Peripheral Data Valid (TTL) 
Internal Write to Peripheral Data Valid (CMOS) 
Peripheral Data Setup Time 
Count and Edge Detect Pulse Width 
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APPENDIX D — R6500/1E EMULATOR PART 
D.1 INTRODUCTION 





To aid the user in designing R6500/1 microcomputer sys- 
tems, Rockwell has. developed an R6500/1E Emulator. The 
basic architecture of the Emulator is the same as that of 
the R6500/1 single-chip microcomputer except the Emulator 
brings the address, data, and required control lines off the 
chip to an external memory. 


This appendix describes only the differences between the 
R6500/1 single-chip microcomputer and the R6500/1E Emu- 
lator. All sections of the Emulator not described in this 
appendix are identical to the corresponding section of the 
R6500/1 single chip microcomputer. 


D.2 R6500/1 EMULATOR INTERFACE 
REQUIREMENTS 


This section describes the interface requirements for the 
R6S00/1E Emulator. Figure D-1 is the Emulator Interface 
diagram. Figure D-2 shows the Emulator pin configuration. 
Table D-1 describes the function of each pin of the Emula- 
tor that differs from the R6500/1 device. 














PORTA 
PAO-PA7 


8 BIT 
PORT B 
PBO-PB7 


8 BIT 
PORT C 
PCO-PC7 





CRYSTAL 






TO 
INTERFACE 
DEVICES 






R6500/1 
SINGLE CHIP 
MICROCOMPUTER 





8 BIT 
PORT D 
PDO-PD7 









CNTR 






EMULATOR 
CONTROL 








Figure D-1. R6500/1 Emulator Interface Diagram 
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Table D-1. R6500/1E Emulator Pin Description 






























Description 


Read/Write allows the CPU to control the direction of data transfers between the R6500/1E Emulator CPU and 
external memory. This line Is high when reading data from memory and is low when writing data to memory. 


} The Ready input delays execution of any cycle during which the RDY line is low. This allows the user to halt 
or single step the CPU on all cycles except write cycles. A negative transition to the low state during the g2 
clock low pulse will halt the CPU with the address lines containing the current address being fetched. If RDY is 
low during a write cycle, it is ignored until the following read operation. This condition will remain through a sub- 
sequent 2 clock pulse in which the RADY line is low. This feature allows the CPU to interface with memories 
having slow access times, such as EPROMS used with the. A6500/1 Emulator part during prototype system 
development. 


The Sync signal is provided to identify cycles in which the CPU is performing OP CODE fetch. SYNC goes high 
during the 92 clock low pulse of an OP CODE fetch and stays high for the remainder of that cycle. If the RADY 
line is pulled low during the #2 clock low pulse in which SYNC went high, the CPU will halt in its current state 
and will remain In that state until the RDY line goes high. Using this technique, the SYNC signal can be used to 
control RDY to cause single instruction execution. 


Phase 2 (2) clock pulse. Data transter takes place only during 92 clock pulse high. 


Address Bus lines. The address bus buffers on the R6500/1E are push/pull type drivers capable of driving at 
least 130 -pf amd one standard TTL load. The address bus always contains known data. The addressing tech- 
nique involves putting an address on the address bus which is known to be either in program sequence, on the 
same page in program memory, or at a known point in memory. The I/O address commands are also placed on 
these lines. Z 


Data Bus lines. All transfers of instructions and data between the CPU and memory, VO, and other’ interfacing, 
circultry take place on the data bus Jines. The buffers driving the data bus lines have full three-state capability, 
which is necessitated by the fact that the lines are bidirectional. Each data bus pin is connected to an input and output 
buffer,. with the output buffer remaining in the floating condition. 


D.3 SYSTEM ARCHITECTURE. 
8 > PAD-PA7 


Figure D-3 is a block diagram of the R6500/1E Emulator, 
The function of each block is identical to its counterpart in 
the R6500/1 microcomputer. The main differences between _8 [> PB0-PB7 
the two products are in the ROM, the clock oscillator, the 
input/output ports and write-only monitoring. - ABSOUITE 

8 => PCO-PC7 


EMULATOR 


D.3.1 ROM 


To facilitate debugging, the R6500/1 ROM has been re- 2 "38> Pp0-Pp7 
moved from the R6500/1E Emulator, and has been replaced 
by external memory. Also, an additional 1024 bytes of 
memory (400-7FF) are addressable. 


D.3.2 CLOCK OSCILLATOR 


The external frequency reference for the AG500/1E Emulator 
may be either a crystal or a clock. The RC option is not 





available for this device. Figure D-3. R6500/1E Emulator Block Diagram 
D.3.3 INPUT/OUTPUT PORTS D.3.4 WRITE-ONLY MONITORING 

The R6500/1E has the Internal {O and CNTR port pull-up The R6500/1E allows the user to monitor .write operations 
resistance only. The option to delete the pull-up resistance to the internal RAM and I/O by routing those operations 
is not included in this. device. externally as well as internally. Read operations are not 


routed externally. 
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D.4 R6500/1E /O PORT INITIALIZATION than in the R6500/1. It is still required, however, that the 

RES line to the R6500/1E be held low for at least eight 92 
Ports A, B, C and D and the CNTR line in R6500/1E are clock cycles after VCC reaches operating range and the @2 
initialized to the logic high state two $2 clock cycles earlier clock oscillator has stabilized. 











per a EA lee te popes ep La pases: 
AES BY 8 ¢2 clock cycles minimum after o2 clock stabilization : | 
R6500/1E IQ 
vo 


R6500/1 
See RES transition window 


N 
i 
N Don‘t care state 





D.5 TYPICAL R6500/1E PROGRAM MEM- this case, type 2716 and 2708 PROMs). Example 1 shows a 
connection to a 2K 2716 PROM. Since the RA6500/1 has a 
ORY INTERCONNECTIONS 2K ROM capacity, the contents of the PROM could be 


masked directly into the production R6500/1 ROM. 
Shown below and on the following page are two typical : a 


connections between the R6500/1E and program memory (in 


Example 1. R6500/1E Connected to One 2716 PROM (2K Bytes) 
* SEE R6500/1 DETAILED MEMORY MAP 
Connection Diagram Memory Map 


R6500/1E NOT USED 


RAM & 1/0* 
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Example 2 shows.a connection to 3K of 2708 PROMs. The program, however, must be reduced to 2K maximum (be- 
extra 1K PROM allows expanded or additional programs be tween addresses 800 and FFF) before committing to 
used during A6500/1 firmware development. The production R6500/1 ROM. 


Example 2. R6500/1E Connected to Three PROMs (3K Bytes) 


Connection Diagram 


SSRVSSIE 


R6500/1E 
A 


Program Memory 


2708 NO.1 Extended Program 
PROM ; Memory 


NOT USED 
* . 
RAM & 1/0 


*See AG500/1E Detailed Memory Map 





Truth Table 


PROM Select 
2708 No. 1 se 2 2 2806 No. 3 
CE CE 


0 0 

0 1 1 
1 0 1 
1 1 0 









Selected 
Address Range 


000-3FF 
400-7FF 
800-BFF 
CO0-FFF 
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D.6 R6500/1E TIMING 


RW satup time trom CPU 
Address setup time from CPU 
Memory read access time 
Data stabilization time 

Data hold time — Read 

Data hold time — Write 

Data delay time from CPU 


RDY setup time 

SYNC delay time from CPU 
Address hold time 

PYW hold time 

Cycle Time 


PHASE 2 (¢2) TIMING REFERENCE 


TIMING FOR READING DATA FROM RW 
EXTERNAL MEMORY 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 





TIMING FOR WRITING DATA TO 
EXTERNAL MEMORY 


ADDRESS FROM 
CPU 


DATA FROM 
CPU 
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D.7 R6500/1E ELECTRICAL CHARACTERISTICS 


(Voc = 5. 0 =a Vss = 0; Ts 25° C) 
Characteriati Sere fae aa 
{Input High Threshold Voltage Vint 
DO-D7, RADY, Ves +2.4 
Input Low Threshold Voltage Vit 
DO-D7, RDY, 


Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Voc = 5.25V} 
DO-D7 
















Output High Voltage 
(ILoan = 100 Adc, ys = 4.75V) 
DO-D7, SYNC; A0-A11, RW, 2 


Output Low Voltage 
{loan = 1.6 mAdc, Vee: = 4. 75V) 
DO-D7, SYNC, A0-. -A11, R/W , $2 













Power Dissipation — 


Capacitance 
(Vin = 0, Ta = 25°C, f = 1 MHz) 
ADY 


DO-D7 
-AO-A11, RAW, SYNC 
p2 
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R6500/1E 


MICROPROCESSOR EMULATOR DEVICE 


Rockwell 





INTRODUCTION 


The R6500/1EC and R6500/1EQ devices provide all the features 
of the R6500/1 Microcomputer in a ROMless form suitable for 
use as an advanced microprocessor complete with 16 bit counter 
and 32 I/O tines, and an address and data bus for 4K of external 
memory. 


To aid in designing R6500/1 microcomputer systems, it may also 
be used as an Emulator device. Device architecture is basically 
the same as the R6500/1 except that the address, data, and 
associated conirol lines are routed off the chip for connection 
to an external memory. 


The functions and operation of the devices are identical to the 
R6500/1 except for minor differences. The R6500/1 Data Sheet 
Order No. D51 (Document No. 2900D51) contains a description 


o@enouarh@nd = 





R6500/1E 





of R6500/1 and R6500/1 common interface signals and 
functions. 


The device is available in both 64-pin DIP ceramic (R6500/1EC) 
and 64-pin QUIP Plastic (R6500/1EQ). 


ORDERING INFORMATION 


Part Package Frequency Temperature 
Number Type Option Range 


RESOO/1EC Ceramic 0°C to 70°C 
R6500/1EAC Ceramic 0°C to 70°C 
R6500/1EQ Plastic 0°C to 70°C 
R6500/1EAQ Plastic 0°C to 70°C 





SQnit Quran 


R6500/1EQ 


Pin Configuration 





Document No. 29000051S 


Data Sheet Order No. D51S 
Rev. 2, February 1984 








R6500/1E 


Microprocessor Emulator Device 





SIGNAL DESCRIPTIONS 


All R6500/1 interface signals are provided in the device. While 
the pin assignments are different from the R6500/1 in order to 
accommodate the 64-pin package, the interface electrical 
characteristics are identical. The device provides 24 additional 
signals to route the address bus (12 lines), the data bus (8 lines), 
and control signals (4 lines) off the chip for connection to external 
memory. 


MEMORY MAP 


An additional 1024 bytes of memory (400-7FF) are addressable 
in the device. 


EXTERNAL FREQUENCY REFERENCE 


The’ external frequency reference may be.a crystal or a clock 
— the RC option is not available in the device. 


I/O PORT PULLUPS 


The device has internal 1/O port pullup resistance only. 
DEVICE ADDITIONAL SIGNALS. 

Pin 
No. 
62 


Signal 
Name 


RW 


Description 


Read/Write. The Read/Write output con- 
trols the direction of data transfer between 
the CPU and external mémory. This line 
is high when reading data from memory 
and low when writing data to memory. 


Ready. The Ready input delays execution 
of any cycle during which the RDY line is 
low. This allows the user to halt or single 
step the CPU on any cycle except a write 
cycte. A negative transition to the low state 
during the 2 clock low pulse will halt the 
CPU with the address lines containing the 
current address being fetched. If RDY is 
low during a.write cycle, it is ignored until 
the following read operation. This condition 
will remain through a subsequent 2 clock 
pulse in which the RDY line is low. 


SYNC 6 Sync. The Sync signal is provided to iden- 
tify those cycles in which the CPU is per- 
forming an OP CODE fetch. SYNC goes 
high.during ®2 clock-low pulse during an 
OP CODE fetch and stay high for the 
‘remainder of that cycle. If the RDY line is 
pulled low during the $2 clock low pulse 
in which SYNC went high, the CPU will halt 
in its current state and will remain in that 
State until the RDY line goes high. Using 
this technique, the SYNC signal can be 
used to control RDY to cause single 
instruction execution. 
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Pin 
No. 


Signal 


Name Description 


o2 1 Phase 2 (2) clock pulse. Data transfer can 


take place only during 42 clock pulse. 


Address Bus Lines. The address bus buf- 
fers on the device are push/pull type 
drivers capable of driving at least 130 pf 
and one standard TTL load. The address 
bus always contalns known data. The 
addressing technique involves putting an 
address on the address bus which is 
known to be either in program sequence, 
on the same page in program memory, or 
at a known point in memory. The I/O 
addresses are also placed on these lines. 


AQ-At 1 25-32 


34-37 


Data bus Lines. All transfers of instructions 

and data between the CPU and external” 
memory take place on the data bus lines. 
The buffers driving the data bus lines have 

full three-state capability. Each data bus: 
pin is connected to an input and an output 

buffer, with the output buffer remaining in 

the floating condition. 


DO-D7 53-46 


1/0 PORT INITIALIZATION 


Ports A, B, C and D and the CNTR line in the device are initial- 
ized to the logic high state two 2 clock cycles earlier than in 
the R6500/1. It is still required, however, that the RES line be 
held low for at least eight 62 clock cycles after Vcc reaches 
operating range (Figure 1). 


TYPICAL PROGRAM : 
MEMORY INTERCONNECTION 


illustrated are two typical connections between the R6500/1E 
and program memory (in this case, type 2716 and 2708 PROMS). 
Figure 2 shows a connection to a 2K 2716 PROM. Since the 
R6500/1 has a 2K ROM capacity, the contents of the PROM 
could be masked directly into the production R6500/1 ROM. 


Figure 3 shows a connection to 3K of 2708 PROMS. The extra 
1K PROM allows expanded or additional programs be used dur- 
ing R6500/1 firmware development. The production program, 
however, must be reduced to 2K maximum (between addresses 
800 and FFF) before committing to R6500/1 ROM. 
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| Sq RES TRANSITION 
2 J | WINDOW 
wes |B 8 $2 CLOCK CYCLES MINIMUM: | Ry DONT CARE STATE 


RBSOO/1E 


TS. 
.R6500/1 








Figure 1. 1/O Port Initialization 





CONNECTION DIAGRAM MEMORY MAP 


DO 
D1 
D2 
D3 
D4 
D5 
D& 
07 


AO 


At 
R6S00/1E ao. NOT USED 


AY 


RAM & 1/0* 





Figure 2. Device Connected to One 2716 PROM (2K Bytes) 


3-137 





R6500/1 | Microprocessor Emulator Device 








CONNECTION DIAGRAM MEMORY MAP 







2708 No. 3 
PROM 
















CoO | PROGRAM 
- * | BEF ( MEMORY 
2708 NO. 2 

PROM 










_ _ _ _._] 800 
~ | 7FF 
eee EXTENDED 
pois MEMORY 
PROGRAM 
400. $ 





NOT USED 
{ RAM & VO 


*SEE DETAILED 
MEMORY MAP 














Figure 3. Device Connected to Three PROMS (3K Bytes) 


TRUTH TABLE 


Address PROM Select 































2708 No. 3 2708 No. 2 2808 No. 1 Selected 

A10 CE CE CE Address Range 
0 0 1 1 000-3FF 
0 1 : 1 1 400-7FF 
1 0 1 0 800-BFF 
1 1 0 1 C00-FFF 
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DEVICE TIMING 


















Signal 





RW setup time from CPU 
Address setup time from CPU 
Memory read access time 





Data stabilization time 
Data hold time —.Read 
Data hold time — Write 
Data delay time from CPU 

- RADY setup time 
-SYNC delay time from CPU 
Address hold time 

RAW hold time 

Cycle Time 

















ELECTRICAL CHARACTERISTICS 
(Vcc = 5.0 +5%, Vsg = 0, Ta = 25°C) 








~ Characteristic - 


’ Input High Threshold Voltage 
DO-D7,; RDY, 








input Low Threshold Voltage 
-DO-D7, RDY, Ve 
' Three-State (Off State) Input Current ° 
(V = 0.4 to 2.4V, Voc = 5.25V) 
00-D7 act 
Output High Voltage ~ 
(ILOAD = 100nAdc, Vcc = 4.75V) 
.DO-D7, SYNC, A0-A11, R/W, ¢2- 
“Output Low Voltage 
(LOAD = 1.6 mAde, Voc = 4.75V) 
DO-D7, SYNC, A0-A11, RIW, 62 . 


Power Dissipation 














Capacitance 
_ (Vin = 0. Ta = 25°C, = 1 MHz). 
ROY = 
Do-D7 

A0-A11, A/W, SYNC 

$2 


1/0: Port Pulkup Resistance “ss i: Sigel 6a Tats 
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DETAILED MEMORY MAP 


R6500/1 USER PROGRAM 


CLEAR PA1 NEG EDGE DETECTED | 


UPPER COUNT - 


LOWER LATCH 


| UPPER LATCH 


TIMING DIAGRAMS 


NOTES: 

(1) Additional 1024 bytes are decoded for external 
memory addressing. This area can be used during 
debut, but cannot be used in a masked ROM 
R6500/1. 

- (2) VO command only; i.e., no ‘aiored data. — 

(3) Clears Counter Overflow — Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 
040-07F, 100-13F, 140-17F, 200-23F, 240-27F, 
300-33F, and 340-37F; as well.as 000-03F. The 
production R6500/1, however allows RAM imapping 
only at 000-03F. 


INPUT/OUTPUT 


\ RAM(4) 





PHASE 2 (22) TIMING REFERENCE 


R/wW 


ADDRESS 
FROM CPU 


DATA FROM 
MEMORY 


RDY 


SYNC 


TIMING FOR WRITING TO MEMORY 
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PACKAGE DIMENSIONS 


R6500/1EC 64-PIN DIP CERAMIC 


10° MAX 


DENOTES PIN NO. 1 d 1 cee | J “ f 


.800 NOM .900 NOM 
(20.03 MM) || | (22.66. MM) 


028 (.71 MM) ‘a .070 (1.78 MM) 
032 (.81 MM) . 080 (2.03 MM) 


.015 (.38 MM) 
-019 (.48 MM) : LEADS .100 ¢ TO ¢ 


ooo mo (2.54 MM) 
NOTE: PIN NO, 1 IS IN LOWER LEFT CORNER WHEN 
~ SYMBOLIZATION {S IN NORMAL ORIENTATION 


R6500/1EQ 64-PIN QUIP PLASTIC 


1.50: 
(3.81 MM) 
ae ho 


é ; a ee | 


. 925 | 


«___(23.495 MM 


ee ' 
: 


ete: 
ae 








WNONON O13, 050°0 


~ $30vdS Whoa Le 


64 PIN QUIP 














.680 
(17.27 el 
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INTRODUCTION 


The Rockwell.R6500/1EB and R6500/1EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 


R6500/1 one-chip microcomputer. Like the R6500/1, the back-. 


~ pack device is totally. upward/downward compatible: with all 
members of the R6500/1 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This. packaging concept allows a standard 
EPROM to be easily removed, reprogrammed, then reinserted 
as often as desired. 


The backpack devices have the same pinouts as the masked- 
ROM R6500/1 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the R6500/1, with 
some minor differences (described herein). The: R6500/1 Micro- 
computer Data Sheet (Rockwell Document No. 29000D51) 
includes a description of the interface signals and their func- 
tions. Whereas the masked-ROM R6500/1 provides 2K bytes 


of read-only memory, the R6500/1EB will address 3K bytes of 


external program memory. This extra memory accommodates 
program patches, test programs or optional programs during 
breadboard and prototype development states. 


ORDERING INFORMATION 


BACKPACK EMULATOR 


_. Part Memory | Compatible | Temperature — 
Number Capacity Memories Range and Speed 


R6s00/1 EB1 2716, 2516 0°C to 70°C 





2316B 1 Miz 


A6500/1 EBS 2732 0°C to 70°C 


1 MHz 





R6500/1 EABS 2732A 0°C to 70°C 
(250 ns) 2 MHz 





_ SUPPORT PRODUCTS 





2 Description 
S65-101 SYSTEM 65 Microcomputer Development System 


- M65-040 | PROM Programmer Module 
M65-081 1-MHz A6500/1 Personality Module’ 
M65-082 2-MHz R6500/1 Personality Module 





R6500/1EB « R6500/1EAB 
R6500 Microcomputer System 


R6500/1EB and R6500/1EAB 
BACKPACK EMULATOR 


FEATURES 


e PROM version of the R6500/1 

e Completely pin compatible with R6500/1_ single-chip 
- microcomputers 

e Profile approaches 40-pin DIP of R6500/1 

e Accepts 5-volt, 24-pin industry-standard EPROMs 
—4K memories—2732, 2732A (3K bytes addressable) 
—2K mernories—2716, 2516, 2316B 

Use as prototyping tool or for low volume production 
3K bytes of memory capacity (1K, 2K, 4K memories) 
64 x 8 static RAM | . 

Separate power pin for RAM 

Software compatibility with the R6500 family 

32 bi-directional TTL compatible /O lines (4 ports) 

1 bi-directional TTL compatible counter I/O line 


16-bit programmable counter/latch with. four modes (interval 
timer, pulse generator, event counter, pulse width 
measurement) 

e 5 interrupts (reset, non-maskable, two external edge sensi- 
tive, counter) 

Crystal or external time base 

Single +5V power supply 
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“R6500/1EB and R6500/1EAB_ 


CONFIGURATIONS 


The Backpack Emulator is available in three different versions, 
to accommodate various 24-pin 2K- and 4K-memories and 
speeds. All three versions provide 64 bytes of RAM and I/O, as 
well as'24 signals to support the external memory “backpack” 
socket. The 24 backpack signals differ somewhat between 
versions (due to memory. pin differences) but always consist of 


the address bus (12 lines), the data bus (6 lines) and the OE, CE, 


Voc and Vg signals (one line each). See the Interface Diagram. 


The external memories must ‘always occupy the upper 2K of 
available memory (addresses 800 through. FFF) for implemen- 
tation of interrupt vectors. See Memory Map. The Backpack 
Emulator provides a read block to the external memory where 


internal RAM or W/O are located in the same addresses as that - 


occupied by external memory: . 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a clock— 
the RC option. is not available in the emulator device. The 
R6500/1EB and R6500/1EAB divide the input clock by two 
regardless. of the source. 












vec, VSS 





24 PROM/ROM 
PINS = 


OSCILLATOR 


' INTERRUPT 


CONTROL 
REGISTER’ 


~~ Backpack Emulator 


VO PORT PULLUPS. 
The emulator devices have internal I/O port pullup resistors. 
TEST MODE DELETED 


The test mode of the R6500/1 is not'available on the Baepnet 
Emulator. 


PRODUCT SUPPORT 


The. Backpack Emulator is just one of the products that Rockwell 
offers to facilitate all and program development for the 
R6500/1. 


The SYSTEM 65 sierocsaneuiek Development seston: with 


.R6500/1 Personality Module. supports both hardware and soft- - 


ware development. Complete in-circuit user emulation with the. 
R6500/1 Personality Module allows total system test and evalua- « 
tion. With the optional. PROM Programmer, SYSTEM 65 can also 
be used to program EPROMs for the development activity. When 
PROM programs have been finalized, the PROM. device can be 
sent to Rockwell for masking into the 2K ROM of the R6500/1. 


In addition to- support. products, Rockwell offers regularly- 
scheduled designer's courses at regional centers. 
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R6500/1EB and R6500/1EAB 


“Backpack Emulator 





DETAILED MEMORY MAP 










R6500/1 USER: PROGRAM 
“Ae500/1 EB EXTENDED PROGRAM AREA (1) 


UNASSIGNED : 


CONTROL REGISTER . 


UNASSIGNED - 


. 
LATCH TO COUNTER - 
PORT D 


PORT C 
PORT B- 


NOT : = = 
__ UNASSIGNED | 
RAM | “USER RAM 


NOTES 

{1) Additional 1024. bytes are decoded for external memory | 
addressing by the Backpack Emulator Device. This area can 
be used during debut, but cannot be used in a masked ROM 
R6500/1. (Available only on A6500/1EB3s) 

(2) I/O command only; I.e., no stored data. 

(3) Clears Counter Overflow—Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping Into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F, and 340-37F; 
as well as 000-03F. The production R6500/1, however 
allows RAM mapping only at 000-03F. 


RAM MAPPING 


The Backpack Emulator allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F and 340-37F, as 
well as 000-03F. The production A6500/1, however, allows RAM 
mapping only at 000-03F. This means that a write to location 
40, for example, will write to location 0 in the Backpack Emulator, 
and to invalid RAM in the R6500/1 production part. 


1/0 PORT INITIALIZATION 


Ports A, B, C, and D and the CNTR line in the Backpack 
Emulator are initialized to the logic high state two $2 clock 
cycles earlier than in the R6500/1. The RES line to the device 
must, however, still be held low for at least eight $2 clock 
cycles after Voc reaches operating range. See timing diagram. 
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BACKPACK MEMORY SIGNAL 


95-118, 
138-17S 


Voc/A11 | 21S 


DESCRIPTION 


Description 


Data Bus Lines. All instruction and. data 
transfers take place on the data bus lines. The 
buffers driving the data bus lines have full three- 
state capability, Each data bus pin is connected 
to an input and an output buffer, with the out- 
put buffer remaining in the floating condition, 


_| Address Bus Lines. The address bus lines are 


buffered by push/pull ' type drivers that can drive 
{one standard TTL load. 


Address Bus Line 10. This address line has the 
same characteristics and functions as Eines 
A0-A9. : 


Chip Enable. In the R6500/1EB1, CE is 
active when the address is 800-FF. In the 


/-R6500/1EB3 and R6S00/1EAB3, CE is 


active when the address is 400-FFF. This line 
can drive one TTL load. 


Memory Enable Line. This signal provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by the R/W signal from the CPU and then 
inverted by a standard TTL inverter, to form OE. 


Main Power Supply +5V. This pin is tied 


directly to pin 30 (Vcc). 


Main Power Supply +5V. This pin is tied 
directly to pin 30 (Vcc), except in the 
R6500/1EB3 and A6500/1EAB3, where it is tied 


to A11. During backup power, power is supplied 


only to the RAM memory, and not to the 
PROMs. 


Signal and Power Ground (zero volts). This pin 
is tied directly to pin 12 (Vgg). 


24-PIN SOCKET 


NOTE: (1) PIN 21 IS Voc FOR R6500/1EB1 OR A11 FOR 
R6500/1EB3 





Pin Configuration 


R6500/1EB and R6500/1EAB ~ Backpack Emulator 








READ TIMING CHARACTERISTICS 


OE setup time from CPU 
Address setup time from CPU 


Memory read access time 
Data stabilization time 
Data hold time—Read 
Address hold time 

| OE hold time 
Cycle Time 





READ TIMING WAVEFORMS 


OE 
ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 





* $2 IS SHOWN FOR REFERENCE ONLY AND IS NOT AVAILABLE EXTERNAL TO THE DEVICE. 


1/0 PORT INITIALIZATION TIMING 


¢2 


eS 8 ¢2 CLOCK CYCLES MINIMUM 


presses SSI 
VO" . ao ee | | 
PORTS! R65001 SAX QAQAA 


By RES TRANSITION WINDOW 


RNY DON'T CARE STATE 
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R6500/1EB and R6500/1EAB Backpack Emulator 








ELECTRICAL CHARACTERISTICS 
(Voce = 5.0 + 5%, Vss = 0, Ta = 25°C) 


Input High Threshold Voltage. 
DO-D7 
Input Low Threshold Voltage 
DO-D7 


Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Veo = 5.25V) 
Do-D7 


Output High Voltage 
(loan = 100 Adc, Voc = 4.75V) 


DO-D7, AQ-A11, OE 


Output Low Voltage 
{lkoan = 1.6 MAde, Vee = 4.75V) 
DO-D7, AO-A1t, OE 


Power Dissipation 
Capacitance 
(Vin = 0, T, = 25°C, f = 1 MHz) 
DO0-D7 
AO-A11 





PACKAGE DIMENSIONS 


40-PIN BACKPACK 








IDENTIFICATION 
(=| [= 0.050 +.020 


1.220 MAX 





+ |! - 0.590 SQ. 
o.s00 MAX 
M 

{ 





‘ 


0.040 Jf. 
+.020 J 
0.050 +.015 — a -e|f-- 0.078 | | 0080 


BOTH ENDS —~| |- 0.100 +.010 TYP 
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R6500/11-R6500/12 


R6500/11 AND R6500/12 


ONE-CHIP MICROCOMPUTERS 


Rockwell 





SECTION 1 
INTRODUCTION 


1 FEATURES OF THE R6500/11 & /12 


Enhanced 6502 CPU 


—Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 


— Decimal and binary arithmetic modes 

—13 addressing modes 

—True indexing 

3K-byte mask-programmable ROM 

192-byte static RAM 

32 TTL-compatible I/O lines (R6500/1 1) 

56 TTL-compatible I/O lines (R6500/12) 

One 8-bit port may be tri-stated under software control 
One 8-bit port with programmable latched input 
Two 16-bit programmable counter/timers, with latches 
— Pulse width measurement 

—Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 

— Event counter 

—Retriggerable interval timer 

Serial port 

—Full-duplex asynchronous operation mode 

— Selectable 5- to 8-bit characters 

—Wake-up feature 

— Synchronous shift register mode 


—Standard programmable bit rates, programmable up to 


62.5K bits/sec @ 1 MHz 
Ten interrupts 
—Four edge-sensitive lines; two positive, two negative 
— Reset 
—Non-maskable 
—Two counter underflows 
—Serial data received 
— Serial data transmitted 
Bus expandabie to 16K bytes of external memory 


Flexible clock circuitry 

—2-MHz or 1-MHz internal operation 

—Internal clock with external'2 MHz to 4 MHz series 
resonant XTAL, at two or four times internal frequency 

—External clock input divided by one, two or four 

15 minimum instruction execution time @ 2 MHz 

NMOS:-3 silicon gate, depletion load technology 

Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 

40-pin DIP (R6500/1 1) 

64-pin QUIP (R6500/12) 


1.2 SUMMARY 


The Rockwell R6500/11 or R6500/12 is a complete, high-per- 
formance 8-bit NMOS-3 microcomputer on a-single chip, and 
is compatible with all members of the R6500 family. 


The R6500/11 consists of an enhanced 6502 CPU, an internal 
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes 
of Random Access Memory (RAM) and versatile interface cir- 
cuitry. The interface circuitry includes two 16-bit programmable 
timer/counters, 32 bidirectional input/output lines (including four 
edge-sensitive lines and input latching on.one 8-bit port), a full- 
duplex serial I/O channel, ten interrupts and bus expandability. 


The R6500/12 consists of all the features of the R6500/11 plus 
three additional I/O ports. It is packaged in a 64 pin QUIP. 


The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power, These features make either device a leading 
candidate for microcomputer applications. 


To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. This 
device, the R6511Q, provides all R6500/11 interface lines, plus the 
address bus, data bus and control lines to interface with external 
memory. With the addition of external circuits it can also be used to 
emulate the R6500/12 (contact Rockwell offices for details). 


NE a eel 


Document No. 29651N23 


Product Description Order No. 2119 
Rev. 3, March 1984 





R6500/11 and R6500/12 


A backpack emulator, the R65/11EB, is available for devel- 
oping R6500/11 applications. No backpack part is available 
for the R6500/12. 


The R6511Q may also be used as a CPU-RAM-I/O counter 
device in multichip systems. 


Rockwell supports development of the devices with the 
System 65 Microcomputer Development System and the 
FR6500/* Family of Personality Modules. Complete in-circuit 
emulation with the AG500/« Family of Personality Modules 
allows total system test and evaluation. 


This product description is for the reader familiar with the 
A6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual (Order 
Number 201). A description of the instruction capabilities of 
the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 
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1.3 CUSTOMER OPTIONS 


The R6500/11 microcomputer is available with the following 
customer specified mask options: 


Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Option 6 


Crystal or RC oscillator 

Clock divide by 2 or 4 

Clock MASTER Mode or SLAVE Mode 

Port A with or without internal pull-up resistors 
Port B with or without internal pull-up resistors 
Port C with or without internal pull-up resistors 


es ¢ 0 @ @ @ 


All options should be specified on an R6500/11 order form. 
The R6500/1 2 is available with all of the above options plus: 


e Option 7 Port F with or without internal pull-up resistors 
e Option 8 Port G with or without internal pull-up resistors 
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SECTION 2 
INTERFACE REQUIREMENTS 





This section describes the interface requirements for the single chip microcomputer devices. Figure 2-1 is the Interface Diagram for the 
devices, Figure 2-2 and Figure 2-3 show the mechanical outline and pin out configurations and Table 2-1 describes the function of each 
pin. Figure 3-1 has a detailed block diagram of the device which illustrates its internal functions. 
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Figure 2.1 Interface Diagram 
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0.100 MAX 
(462 MM) 


+ 0.100 MIN 
(2.54 MM) 


DOT OF NOTCH 0.195 MAK 
TO LOCATE (2.03 sn) = 0,090 MIN 


PIN NO. t oa (0.25 MM) 


(48.5 MM) 
{48.00 MM) 


18 EQUAL SPACES 
0.100 © TOL NONCUM. 
(2.54 UM) 





2t 


@.500 MAX TVP. Tye. 

(15.24 MM} (1.65 MM) 0.005 (0.65 MM)p 0.022 
(1.01 MM} 0.040 (0.46 MM} 0.018 

0.600 TYP 

(15.67 MM) 


Figure 2-2. 6500/11 Mechanical Outline and Pin Out Configuration 


40 PIN DIP 























— $39vas qwnoa 1¢e———-—_-—_______» | 





Pz WASNON a1, 0s0°0 


64 PIN QUIP 





Figure 2-3. 6500/12 !..echanical Outline and Pin Out Configuration 
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——ae 2-1. R6500/11 and R6500/12 Pin Descriptions 
Main power supply +5V 


Separate power pin for RAM. In the event that Vcc powers lost, this power retains 
RAM data. 


Signal and power ground (OV) 


Crystal or clock input for internal.clock oscillator. Also allows input of X17 clock 
signal if XTLO is connected to Ves, or X2 or X4 clock if XTLO is floated. 


Crystal! output from internal clock oscillator. 
The Reset input is used to initialize the device. This signa! must-not transition from 


low to high for at least eight cycles after Vcc reaches operating range and the 
internal oscitlator is stabilized. 





Clock signal output at internal frequency. 


A negative going edge on the Non-Maskable interrupt signal requests that a non- 
maskable interrupt be generated within the CPU. 


PAO-PA7 S - Four 8-bit ports used for either input/output. Each line of Ports A, 8 and C consist 

PBO-PB7 ; of an active transistor to Vgg and an optional passive pull-up to Vcc. In the abbre- 

PCO-PC? 7 - viated or multiplexed modes of operation Port C has an active pull-up transistor. 

POO-PD7 - "4 Port D functions as either an 8-bit input or 8-bit output port. It has active pull-up 
and pull-down transistors. , 


PEO-PE7 = For the R6500/42, the 64 pin QUIP version, three additional ports (24 lines) are 
PFO-PF7 - : provided. Each line consists of an active transistor to Vg. PFO-PF7 and PGO-PG7 
PGO-PG7 - are bidirectional, and an ‘optional passive pull-up to Vcc is provided. PEO-PE7 is 
: outputs only with an active pull-up. All ports will source 100 namps. at 2.4v except 

port E (PEO-PE7) which will source 1 ma. at 1.5v. 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the devices. 
Functionally they consist of a CPU, both ROM and RAM 
memories, four 8-bit parallel /O ports (seven in the 64-pin 


R6500/12), a serial VO port, dual counter/latch circuits, - 


a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure 3-1. 

NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 
The internal CPU is a standard 6502 configuration with an 


8-bit Accumulator register, two 8-bit Index Registers (X and 


Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program 
Counter, and standard instruction register/decode and intemal 
timing control togic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to-it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RT! and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
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location is stored (or "pushed”) anto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
pulled”) from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 


Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 


‘for more than one cycle. If data are placed on the inputs to 


the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the [nternal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signais to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing contro! unit. 
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3.1.8 Interrupt Logic — 


Interrupt logic controls the sequencing of three interrupts; 
RES, NM! and IRQ. IRQ is generated by any one of eight 
-conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 

-tions have been added to the devices to simplify operations 
that previously required a. read/modify/write operation. In 
order for these instructions to be equally applicable to any 
‘VO ports, with or without mixed input and output functions, 
the 1/O ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
. Op Code mnemonic addressing matrix for these added 
‘instructions. % 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to 1" one of the 8-bit data field specified ” 


by the zero page address (mémory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 


to be set. The second byte of the instruction designates 
address (00-FF) of the byte or I/O port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to “0” of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
_be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset. Relative (BBR m, 
Addr, DEST) 
This instruction is the same operation and format as the BBS 


instruction except that a branch takes place if the bit tested 
is a "0". 
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3.3 READ-ONLY-MEMORY (ROM) 


The ROM consists of 3072 bytes (3K) mask programmable . 
memory with an address space from F400 to FFFF. ROM 
locations FFFA through FFFF are assigned for interrupt and 
reset Vectors. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with. 
an assigned page zero address of 0040 through OOFF. The 


_R6500/11 provides a separate power pin (Vaz) which may.be 


used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Voc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var pin. If the RAM data retention is not required then Var 
must be connected to Vcc. During operation Vax must be at 
the Voc level. 


For the RAM to retain data upon loss of Vcc, Van must be 
supplied within operating range and RES must be driven low 
at least eight $2 clock pulses before Vcc falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range. and until at least eight 62 clock cycles after Voc 
is again within operating range and the internal $2 oscillator 
is stabilized. Va_q must remain within: Vec operating range 
during normal operation. When Vcc is out of operating range, 
Var Must remain within the Vga retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 











RAM OPERATING MODE 


‘RAM RETENTION MODE 








peer es aa 
—| Lta@ 


1 INITIAL APPLICATION OF Vcc AND Vpp- 

2 LOSS OF Vec, RAM ON STANDBY POWER. 

3 REAPPLICATION OF Vee. 

4 .>8 $2 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 92 CLOCK PULSES. 





Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 


Three customer selectable mask options are available for 
controlling the device timing. It can be ordered with a crystal 
or RC oscillator, a divide by 2 or divide by 4 countdown net- 
work and for clock master mode or clock siave mode 
operation. 


For 2 MHz internal operations the divide by two option must 
be specified. 


A reference frequency can be generated with the on-chip 

oscillator using either an external crystal or an external resistor 
depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figure 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 


Note: 
When operating at a 1 MHz internal frequency place 
. a 15-22 pf capacitor between XTLO and ground. 









XT ul fint = 1 MHz 
FI6500/11 
XTLO fexr = 2X fint 


R = 2.4K 
for 2 MHz 


a. Resistor Input 


XTLL 
finy = 2 MHz 
resoo11 NT 


XTLO 


2-6 MHz C__) 


b. Crystal Input 


Voc 


2-4 MHz XTLI finer = 2 MHz 


RE500/11 | 


fey = 2X or 4X t 
-XTLO Ext (NT 


NC 

Ver 
"3000 

TL! 

R6500/11 

XTLO 







1-2 MHz fin; = 1 or 2 MHz 





fext = fwr 
Vss = 
¢e. Clock Inputs 





Figure 3-3. Clock Oscillator Input Options 








3-155" 





Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. if XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO. 
is tied to Veg, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the. external 
source. ; 


The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network or external source) must be applied to the XTLI 
and XTLO pins. @2 is a buffered output signal which closely 
approximates the internal timing. When a common external 
source is used to drive multiple devices the internal timing 
between devices as well as their @2 outputs will be skewed 
in time. If skewing represents a system problem it can be 
avoided by’the Master/Slave connection and options shown 
in Figure 3-4. 


One device is operated in the CLOCK MASTER MODE and 
a second in the CLOCK SLAVE MODE. Mask options in the 
SLAVE unit convert the #2 signal into a clock input pin which 
is tightly coupled to the internal timing generator. As a result 
the internal timing of the MASTER and SLAVE units are syn- 
chronized with minimum skew. If the $2 signal-to the SLAVE 
unit is inverted, the MASTER and SLAVE UNITS WILL 
OPERATE OUT OF PHASE. This approach allows the two 
devices to share external memory using cycle stealing 
techniques. 


6500/11 OR /12 


(OUTPUT CLOCK) 


INVERTER USED - 
| WHEN SLAVE IS 
| TO OPERATE 


Figure 3-4, Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction /O' ports and mode select bits for Counter A and 
Counter B. {ts setting, along with the setting of the Serial 
Communications Control Register (SCCR); determines the 
basic configuration of the device in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


Addr 0014 


ounter A 
‘Mode Select 
6 O Interval Timer 
O—— 1 Pulse Generation 
1 0 Event Counter 
Mode Select 1 
0 O Interval Timer 
Q —— 1 Asymmetric Pulse Generation 
1 —— 0 Event Counter 
1... 1 Retriggerable Interval Timer 
_ Port B Latch 


{0— Tri State High impedance Mode) 





0 — X Normal 
1—— 0 Abbr. Bus 
1—— 1 Mux'’d Bus . 


Figure 3-5. Mode Control Register 
The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enabte is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
46. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


1 Pulse Width Meas. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
‘AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a'"1” after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic “1” is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable’ 
Register which can be set to a “1” by writing a “1” in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing a “0” in the respective bit position, 
or by RES. If set to a1”, an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Addr 0012 


Addr 0011 


PAD Positive 
Edge Detect 
PA1 Positive 


Edge Detect 
PA2 Negative 
Edge Detect 
PA3 Negative 
) _Edge Detect 
_Counter A 
Underflow Flag 
Counter B 
Undertlow Flag 
Receiver 





Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


BITS: 
CODE FUNCTION hi 
















IFR.0: PAO Positive Edge Detect Flag—Sat to a ’1” when a positive going edge is detected on PAO, 
Cleared by.RMB O (0010) instruction or by RES. 

IFR 1: PA1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on PA1. 
Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 

[FA 3: PA3 Negative Edge Detect Flag—Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: Counter A Underflow Flag—Set to a1 when Counter A underflow occurs. Cleared d by reading 
the Lower Couitter A at location 0018, by writing to address location 001A, or by RES. 

IFR 5: Counter B Underflow Flag—Set to a 1 when Counter B underflow occurs. Cleared 1 by reading 





the Lower Counter B at location oo1c, by writing to address location 001E, or by RES. 


IFR 6: Receiver Interrupt Flag—Set to a 1 when.any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSR 0-3) are plpated or by 
RES. 


Transmitter Interrupt Flag—Set to a 1 wnen SCSR 6 is set toat while SCSR 5 is a 0or SCSR 
7 is sat to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-7, 


contains seven status flags. Some of these flags are con-- 


trolled by the user program; others may be controlled both 
by the user's program and the CPU. The AG502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the-ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic O if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, GMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic t by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


NOTES 
@ Not initialized by RES 


@® Set to Logic 1 by RES 


Figure 3-7. 
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zero. This bit is cleared to logic O when the resultant 8 bits 


- of a data movement or calculation operation are not all zero. 


The R6500 instruction set contains no instruction to specifi- 


.cally set or clear the Zero Bit. The Zero Bit is, however, 


affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (1) 


The Interrupt Disable Bit (1) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), !RQ, or Non-Mask- 
able Interrupt {NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 


rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


CARRY (C) (a) 


1= Carry Set 
0 = Carry Clear 


ZERO (2)(7) 


= Zero Result 
= Non-Zero Result 


1 
tt) 


INTERRUPT DISABLE (I) “2) 


1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (B)@) 


1... Break Command 
0 = Non Break Command 


OVERFLOW {0)(1) 


1 = Overtiow Set 
0 = Overftow Clear 


NEGATIVE (N) (1) 


1= Negative Value 
O- Postive Value 





Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control-the arithmetic 
mode of the CPU, When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
O, the adder operates as a straight binary adder. The adder 
mode is controlled only by the prégrammer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to:the desired state by the user pro- 
gram or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered. because the CPU executed a BRK 


command, the Break Bit will be set to logic 1. If the IRQ rou-- 


tine was entered as the result of an 1TRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 


°3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained’in seven bits (-128 < n < 127). 
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This incest only has meaning when signed arithmetic (sign 


and seven magnitude bits) is performed. When the ADC or 
~ SBC: instruction is performed, the Overflow Bit is set to logic 


1 if the polatity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit. 
6 in the sampled field. During a BIT instruction the Overflow. 
Bit is set equal to the content of the bit 6 on the data tested. 
with BIT instruction. When used in this mode, the overflow 
has nothing to do with signed arithmetic, but is just another. 
sense bit for thé microprocessor. Instructions which affect the 
V flag are ADC, BIT, CLV, PLP, RT! and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic — 
aperation is negative; if fhe sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There. 
are no instructions that set or clear the Negative Bit since the. 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LOY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 











R6500/11 and R6500/12 


One-Chip Microcomputers 


: _ SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


The A6500/11 has 32 VO lines grouped . into four 8- bit ports 


" * (PA, PB, PC, and PD). Ports A through C may be used either 
= for input or output individually or in groups of any combina- 
tion, Port D-may be.used as all inputs or all outputs. 


‘The R6500/12, a 64 pin QUIP device, has three additional 
‘ports: PE, PF and PG. PE is outputs only; PF and PG are 


bidirectional. 


Multifunction VO’s such as Port A and Port C are protected: 
__ frorh normal port I/O instructions when they are programmed 


to Perform a multiplexed function. 


Internal pull-up resistors (FET’s with.an impedance range of 


3K < Apu = 12K ohm) may be provided on all port pins - 


except Port D and E as a mask option. 


The direction: of the VO lines are controlled by four 8-bit port 
registers locdted in page zero. This arrangement provides 
quick programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies /O handling. The 
V¥O addresses are shown in Table 4-1. Section E.6 shows 
the I/O Port Timing. 


Table 4-1. I/O Port Addresses 


Address 





4.1 INPUTS 


Inputs for Ports A, B, and C and also Ports F and G of the 
R6500/12 are enabled by loading logic 1 into all I/O port reg- 


ister bit positions that are to correspond to I/O input lines. A 


low (<0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all /O port registers to logic 1 thus initially treating all /O 


lines as inputs. 
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Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCRS5) 
to a "0". 


The status of the input lines can be interrogated at anytime 
by reading the I/O port addresses. Note that this will return 


the actual status of the input lines, not the data written into 


the I/O port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD and also ports PF and PG 
of the R6500/12. During the Read cycle of a Read/Modity/ 


- Write instruction the: Port I/O register is read. For all ‘other 


read instructions’ the port input lines are read. -Read/Modify/ 
Write instructions are: ASL, DEC, INC, LSR, RMB, ROL, 
ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D and Ports E thru G of the R6500/ 
12 are controlled by writing the desired I/O line output states 
into the corresponding I/O port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic 0 will force 
a low (<0.4V) output. 


Port D all outputs is selected by setting MCRS5 to a “1”. 


Port E is always all outputs. 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, /O port 
or as serial channel I/O lines, counter /O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Sec- 
tion E.5. 
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Table 4-2. Port A Control & Usage 












PAO (2) 











PA1-PA3 1/0 
SIGNAL 


TYPE 


PA1 (2) 
PA2 (3) 


PA3 (3) 





SCCR7 = 0 
SCCRE = 0 
MCR1 = 1 









RCVA S/R MODE = 0 
(4) (5) 


SERIAL 1/O SHIFT REGISTER CLOCK 


SCCR7 = 1 RCVR S/R MODE = 1 
SCCR5 = 1 (4) 


SIGNAL SIGNAL 
: XMTR CLOCK , QUTPUT RCVR CLOCK INPUT (1) 
- = PAS /O po COUNTER BVO is 
(2) Positive Edge Detect 
(3) Negative Edge Detect 


SERIAL I/O 
PAG I/O XMTR OUTPUT 
SCCR7 = 0 SCCR7 = 1 

































(1) Hardware Buffer Float 










SCCR6 - SCCRS « SCCR4 = 1 
NAME (5) For the following mode combina- 
OUTPUT tions PA4 is available as an input 

















only pin: 
SCCR7*SCCRE-SCCR5.MCR1 
SERIAL 1/0 +SCCR7SCCRESCCR4MCRI1 
PA7 JO RCVR INPUT + SCCR?*SCCRE-SCCRS5 
+SCCR7*SCCR5-SCCR4+ 


— SCCR6 = 0 _ SCCR6 = 1 
SIGNAL SIGNAL 
INPUT 
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4.4 PORT B (PB) 


Port B can be programmed as an 8 bit, bit independent vO 
port. It has a latched input capability. which may be enabled 


or disabled via the Mode Control Register (MCR). Table 


4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Section E:5. 


Table 4-3. Port B Control & Usage 








| (1) Resistive pull-up, active buffer pull down 
(2) Input data is stored in port B latch by PAO pulse 
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4.5 PORT C (PC) 


Port C can be programmed as an |/O port and in conjunction 
with Port D, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
PCO-PC7 function as AO-A3, A12, R/W, A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3FFF. (See 
Memory Map, Appendix B). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D in the Multiplexed Bus Mode. See Appendix E.3 through 
E.5 for Port C timing. 


4.6 PORT D (PD) 


Pert D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection: for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 
bit 5 of the MCR to 0 (zero). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PDO-PD7 serves as data register bits DO-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory 
assignments. See Appendix E.3 through E.5 for Port D timing. 


4.7 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/12 ONLY 


Port E only operates in the Output mode. It provides a Dar- 
jington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional /O ports. They have standard 
output capability. See Appendix E.5 for Port E, F & Port G 
timing. , 
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Table 4-4. Port C Control and Usage 


Abbreviated Multiplexed 
i/O Mode Mode Mode 





OUTPUT QUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 














(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Active Buffer Pull-Up and Pull-Down 








Table 4-5. Port D Control and Usage 













Abbreviated 
Mode 


MCR7 = 
MCRE6 = 0 MCR5 
MCRS5 = 1 MCRS5 = 1 





Multiplexed Mode 
















ou i 
=_ 




























































Name Type (2) | Name | Type (3) 
PDO OUTPUT OUTPUT ie) 
PD1 PD1 OUTPUT OUTPUT vO 
PD2 PD2 OUTPUT OUTPUT VO 
PD3 PD3 OUTPUT OUTPUT vO 
PD4 PD4 OUTPUT OUTPUT VO 
PDS PDS5 OUTPUT OUTPUT 
PD6 PD6 OUTPUT OUTPUT 
PD7 PD7 | OUTPUT OUTPUT 
(1) Tri-State Buffer is in High Impedance Mode 
(2) Tri-State Buffer is in Active Mode 
(3) Tri-State Buffer is in Active Mode Only During the Phase 2 Portion of a Write Cycle 
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SECTION 5 | 
SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Seria! /O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial! Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is.determined by Counter A 
for all modes except the Receiver Shift Register (RCVR 
S/R) mode for which an external shift clock must be provided. 
The maximum data rate using the internal clock is 62.5K bits 
per second (@ g2 = 1 MHz). The transmitter (XMTR) and 
receiver (ACVA) can be independently programmed to 
operate in different modes and can be independently ena- 
bled or disabled. 











O~-Odd Parity 
4~Even Parity 
0 Parity Disable 

1 Parity Enable 

it] 0-~8 Bits/Char 

0 1~7 Bite/Char 

1 O~ 6 Bits/Char. 

1 1~ 5 Bits/Char 

0 0 XMTR & RCVA ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, ACVR ASYN 

0 ACVR Disable 

1 RCOVA Enable 


0 XMTR Disable 
1 XMTR Enable 





















Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial /O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR.-operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications. Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are in Figure 5-2. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


Addr 0015 
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ASYNCHRONOUS MODE WITHOUT PARITY 





8-BIT DATA 


li T 
START 
Stace [ eroara DATA [| 2stor | STOP 
; : 
[sane 2 STOP 
T 
START 5-IT DATA 2-STOP 











6-BIT DATA 











ASYNCHRONOUS MODE WITH PARITY 





8-BIT DATA 


1 1 1 
START. PARITY] STOP 


1 
enrat 7-BIT DATA 2 STOP 
1 1 
6-BIT DATA paniry| 2 STOP 
1 
START 





5-BIT DATA 2 STOP 


J 
PARITY 


SHIFT REGISTER MODE 6-6IT DATA 


Mt WORD M WOADM+1 


SHIFT REGISTER CLOCK (PA4) 


aS a Pa GE a a Cg i A aK 








Figure 5-2. Transmitted Data Modes 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTRA Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5S + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to par- 
agraph 5.1 for a diagram of bit allocations. The receiver bit 
pericd is divided into 6 sub-intervals for internal synchroni- 
zation. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is fess than one-nalf the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Serial 
Input 


Stop Bit Stop Bit 


Start Bit LSB 


Internal 
Shift 
Clock 


is RE ag WE a War ee a Des Soe ee? aa 


* Serial Input Data Shifted in 


Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using, an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


* Serial Input Data Shifted In 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSRO: Receiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR6 = 0. The SCSR 
0 bit ‘will not be set to a logic 1 if the received data 
contains an error condition, instead, a corre- 
sponding error bit will be set to a logic 1. 


SCSR 1: Over-Run Error—Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 

‘Data Register. This bit is cleared by reading the. 
Receiver Data Register, or by RES. 

SCSR 2: Parity Error—Set to logic 1 when. the RCVR is in 

the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 

by reading the Receiver Data Register or by RES. 

Framing Error—Set to a logic t when the received 

data contains a zero bit*after the last data or parity 

bit in the stop bit slot. Cleared by reading the 

Receiver Data Register or by RES. (ASYN Mode 

only). 

Wake-Up—Set to a logic 1 by writing a “1” in bit 

4.of address: 0016. The Wake-Up bit is cleared by 

RES or when the receiver detects a string of ten 

consecutive 1's. When the Wake-Up bit is set 

SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission-—Set to a logic 1 by writing 
a1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run. occurs. 


Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

Transmitter Under-Run—Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data: Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register, or by RES. 


SCSR 3: 





SCSR 4: 


SCSR 6: 


SCSR 7: 


RCVA Data 
Reg Full 


RCVA Over-Run 


Parity Error 


Frame Error 





Wake-Up 


End of Tranamission 
~XMTR Data Reg Empty 


XMTA Under-Run . 


Figure 5-5. SCSR Bit Allocation 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor; or microcomputer 
applications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feaiure allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
eleven consecutive 1’s which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter A .Counter B 


e Pulse width 


Retriggerable Interval Counter 


measurement e Asymmetrical Pulse 
‘@ Pulse Generation Generation 
e Interval Timer e Interval Timer 


e Event Counter e Event Counter 
Operating modes-of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter. B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower. Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either @2 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
_cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (I\FR4). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


\ 
COUNTER UNDERFLOW 


counter oT Ts ty 
COUNTER INTERAUPT ENABLED 
SET ANY TIME BEFORE 


FLOW 
COUNTER UNDERFLOW FLAG — COUNTER UNDERFLOW | 








Figure 6-1. interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address 
location 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


Interval Timer 


Pulse Generation 
Event Counter 
_ Pulse Width Measurement 





The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are @2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


in the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value Is transferred to 
the Counter. 


The Counter value is decremented by one count at the 92 
clock rate. The 16-bit. Counter can hold from 1 to 65535 
counts. The Counter Timer capacity ‘s therefore 1us to 65.535 
ms at the 1 MHz @2 clock rate or 0.5 ws to 32.767 ms at the 
2 MHz @2 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (1ER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Undertlow, 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the GA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the #2 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing: As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagrarn of the Event Counter Mode. 
aes ea | 


posule— 
is 2.0V eau f oev. \ 
CNTR 
|e oe 











| 
| 
| 
| 





Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the #2 clock rate as long as the CA line is held in 
the.low state. The Counter is stopped when CA is in.the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by 2 high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 








Figure 6-3. Pulse Width Measurement 


6.1.5 Serial I/O Data Rate Generation 


Counter A also provides clock timing for the Serial /O which 
establishes the data rate for the Serial I/O port. When the 
Serial /O is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a $2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common:data rates, any data rate from 1 to 62. 5K bps can 
be selected by using the formula: 


2 


yee oon aa 
where 
N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent, 
go = the clock frequency (1 Mliz or 2 MHz) 
bps = the desired data rate. 


NOTE 


In Table 6-4 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised ciock rate is included-in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. 


Counter A Values for Baud Rate Selection 
, Clock Rate 














Actuat Needed 
Baud To Get 
Standard — 
\Baud Rate 





1.0000 
1.0000 
0.9792 
1.0000 
1.0368 
1,0752 






7352.94 
9615.38 





8928.57 





6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch © (LLC), and Upper Latch C (ULC), Latch C is used. 
only in the asymmetrical pulse generation mode. The counter 
contains. the count of either ¢2 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
joaded at any time by executing a write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001C.. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underfiow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
fromm 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location OO1E, or by 
RES. -_ 


Counter B operates in the same manner.as Counter Ain the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer made and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 
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6.2.1 Retriggerable interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 tllusttates the operation. 


LATCH VALUE 


COUNTER RESET BY 
UNDERFLOWS 42" SOFTWARE 


COUNTER B 
FLAG: 


Figure 6-4. Counter B Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B ‘has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values.are initialized. , 


In this mode, the 16-bit Latch B is initialized with. a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 


1. The lower 6 bits of P are loaded into LLB by writing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 001D. At this point 
both Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001E. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process, 
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SECTION 7 | 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON TIMING 


After application of Vec and Varn power to the R6500/11, RES 
must be held tow for at least eight $2 clock cycles after Veg 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vec voltage and performance of the internal oscillator. The 
clock can be monitored at $2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 










+5_ 





j-___. 
8 $2 CLOCKS 
CYCLES MIN[——— 





Figure 7-1. 


Power Turn-on Timing Detall! 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
R6500/11 to set the Interrupt Mask Bit—bit 2 of the Pro- 
cessor Status Register—and initiate a reset vector fetch at 
address FFFC and FFFD to begin user program execution. 
All of the /O ports (PA, PB, PC, PD) will be forced to the 
high (logic 1) state. All bits of the Control Register will be 
cleared to logic 0 causing the Interval Timers counter mode 
(mode 00) to be selected and causing all interrupt enabled 
bits to be reset. 


1&3. Counter B «— Latch B (0) 
2&4. Counter B«— Latch C (P) 


Voc pe a eae 
POWER ON CLOCK STABILIZATION TIME 










Figure 6-5. Counter B Pulse Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R6500/11 is put in 
a reset state causing the registers and |/O ports to be con- 
figured as shown in Table 7-1. 


Table 7-1. RES Initialization of I/O Ports and Registers 








Registers 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 
int. Flag (IFR) 
Ser. Com. Control (SCCR) 


Ser. Com. Status (SCSR) 


Ports 
PA Latch 
PB Latch 
PC Latch 
PD Latch 





All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the R6500/11 should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: =| 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear Interrupts 


qQawah — 


A typical initialization subroutine could be as follows: 


LDX Load’ stack pointer starting address into X 
Register ; 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control and 
special function 
cae! registers as required 
cL Clear Interrupts 
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This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 


to.enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 


*» SEQUENCE 
ADC Add. Memory to Accumulator with Carry 
AND = "AND” Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
*BBR _ Branch on Bit Reset Relative 
*BBS _ Branch on Bit Set Relative 
BCC Branch on Carry Clear 
“BCS Branch-on Carry Set 
BEQ._ Branch on Result Zero 
BIT. Test Bits in Memory with Accumulator 
BMi Branch-on Result. Minus 
BNE Branch on Result not Zero 
BPL.-  Branch’on Result Plus 
BRK Force Break 
BVC Branch on Overflow Clear 
BVS Branch on Overflow Set 
CLC Clear Carry Flag © 
CLD Clear Decimal Mode 
CL! _—_ Clear Interrupt Disable Bit 
CLV ~ Clear Overtlow Flag 
CMP Compare Memory and Accumulator. 
CPX ~~ Compare Memory and Index X - 
CPY Compare Memory and Index Y 
DEC Decrement Memory by One 
DEX. Decrement Index X by One 
DEY Decrement Index Y by One. 
EOR  "Exclusive-Or’ Memory with 
Accumulator 
“INC Increment. Memory by One. 
INX Increment Index X by One 
INY Increment index Y by One 
JMP = Jump to New Location 
JSR = - Jump to New Location Saving Return 


Address 
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“e : The four instructions notated with a* are added instructions 


Load Accumulator with Memory 
Load Index X with Memory 
Load Index Y with Memory | 
Shift One Bit Right {Memory or 


Accumulator) 


No Ope ration 
"QR" Memory with. Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pult Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory or 
Accumulator) _ 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow; 

Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer tu Index X 


_ Transter Index X to Accumulator 
‘Transfer Index X to Stack Register 


Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 





0 1 2 3 
= BAK | ORA 
0 | Implied | (IND, x) 
1.7 12 6 








































Relative 
2 9 














7 cy 


193 


CLG 
Implied 
12 


PLP 
Implied 
14 








implied | 








0 


0 
BRK | —OP Code 
Implied | —Addressing Mode 
1 7 | —lInstruction Bytes; Machine Cycles 
B C 18) E F 











implied 
12 
PHA 
Implied 
193 


. CL 
implied 
1 2 











SEI 
Implied 
12 


DEY 
(mplied 
1 2 


—— 
SEC 































































TYA 
Implied 




































TAX 
A \mplied A 
12 
8cS | LDA . civ | LDA | Tsx 
B | Relative] (IND), Y Implied | ABS,.Y | Implied B 
2 2712 § 12 
DEX crY | CMP 
c implied ABS | ABS Cc 
12 34|3 4 
“elo | cmp cmr | DEC | BBSs 
D implied | ABS, Y ABS,X/ABS,xX! ZP | D 
12/3 4 3 4°/3 713 5° 
CPX | - SBC. aux | sac | NOP cpx | sec | INC | BBSE 
& | IMM | (IND, x) Implied | IMM | Implied ABS | ABS | ABS | ZP 
22/26 / 12/22/12 {3 4| 34] 36/3 5" 
; BEQ | SBC ; SED | sBC sec | INC | BBS7 
F | Relative| (IND), Y zp,x | zP,x | zp | implied | ABS, Y ABS, X | ABS,X |  ZP 
2a%/2 5 24/26/25 |12/3 4 3 4 | 3 7/3 5" 
0 1 2 3 4 5 6 7 8 9 A B c D E F 
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“Add 1 to N if page boundary is crossed. 


**Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 











7 
ee ee | ACCUMULATOR A ? 6 5 4 3 2 1 a 
7 o 
{ Y ] INDEX REGISTER Y Y 
7 a 
(xk _J wnex necister x x 
- u Lu CARRY (C) @) 
PCH PCL PROGRAM COUNTER PC 
? Qo 1= Carry Set 


O = Carry Clear 
ZERO (2) @) 


STACK POINTER s 
7 a 
Inv] [8 ]o]' [z [Cj erocesson status REG P 


1 = Zero Result 
0 = Non-Zero Result 


INTERRUPT DISABLE (1) @ 


CPU Registers 















1 7 IRQ tnterrupt Disabled 
“0 .: IRQ Interrupt Enabled 


DECIMAL MODE (D) 


17> Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (B) G) 


1 = Break Commend 
0 =Non Break Command 


OVERFLOW (0) (1) 


1 = Overtlow Set 





























Addr 0014 O= Overllow Clear 
NEGATIVE (N) (1) 
Counter B Mode Select NOTES ; 
Mode Select 6 0 interval Timer 1 Not initialized by AES 1 =Negative Value 
0—— 1 Pulse Generation ® Set 10 Logie 1 by RES = Postive Value 
1——— 0 Event Counter 
Bus Mode Select 1 1 Pulse Width Meas. Processor Status Reglster 
0 0 Interval Timer 
0 ——- ? Asymmetric Pulse Generation 
1 ——— 0 Event Counter 
1 1 Retriggerable Intervai Timer IFR Addr 0011 
L Port B Latch 
[ (1 = Enable) 
Part D Tri-State 
(0 = Tr-State High Impedance Mode) 
0 —— 5 Normal {EA Addr 0012 
1 —— 0 Abbr. Bus 
1——— 1 Mund Bus PAO Positive 
Edge Detect 
PA! Positive 
Mode Cantrol Register Edge Detect 


PA2 Negative 
Edge Detect 
PA3 Negative 

Edge Detect 
Counter A 

Underfiow Flag 

Counter B 


Underflow Flag 
RCVR 


Flag 





XMTRA 
Flag 


Interrupt Enable and Flag Registers 


sccr 


PEELE EE TE 
0~Odd Parity 


1~Even Parity 
O Parity Disable 
1 Parity Enable 
0 O~8 Bits/Char 
0 1~7 Bits/Char 
1 
1 












RCVR Data 
Reg Full 


ACYR Over-Run 





0~6 Bits/Char [ Parity Error 


1~ 5 Bits/Char 
@—~0 XMTR & ACVR ASYN Mode 
O——1 XMTR ASYN, RCVR S/A 
1———-X XMTA S/R, RCVA ASYN 





Frame Error 
[ Wake-Up 


End of Transmission 








0 ACVA Disable 
— 1 ACVR Enable AMTR Data fleg Empty 
0 XMTR Disable 
XMTR Under-Run 


t XMTR Enable 


Serial Communications Control Register e938 Serial Communications Status Register 
1 
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APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 1/0. AND INTERNAL REGISTER ADDRESSES 


ADDRESS 
(HEX) 


001F 
TE 
1D 
1c 


1B 
1A 
19 
18 
17 
16 
15 
iy 


13 
12 
11 
0010 


WRITE 





Lower Counter B 
Upper Counter B 
Lower Counter B, CLA Flag. 
Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Conirol Register 


~ Serial Transmitter Data Register 


Upper Latch B, Cntr BLatch B, CLR Flag 
Upper Latch B, Latch C<-Latch B 
Lower Latch B. 





Upper Latch A, Cntr Ae-Latch A, CLR Flag 
Upper Latch A , 
Lower Latch A 


Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register © 
Made Control Register 





Interrupt Enable Register 
Interrupt Flag Register 
Read FF 





Interrupt Enable Register 


Clear Int Flag (Bits 0-3 only, Write O's only) 





NOTE: *R6500/12Q Only 
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C.2 ABBREVIATED MODE C.3 MULTIPLEXED MODE 
MEMORY MAP MEMORY MAP 
FFFE 
FFFC 
FFFA 


Reserved 








Internal 


Internal 













“J 3FFF 7 . Registers Registers 
ga oe aa Devices External Memory 

us Abbr Addr Mode o010 ow ee ss 

OOFF a 





0004 
0003 








C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS—PORT C AND PORT D 


PIN VO PORT ABBREVIATED PORT MULTIPLEXED PORT 
NUMBER FUNCTION FUNCTION FUNCTION 
AO 
Al 


A2 
Ad 


Al2 
RW 
A13 
EMS 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS” *NOTE: Stresses above those listed may cause permanent dam- 


age to the device. This.is a stress rating only and functional oper- 
| Parameter =| Symbol! | Value —|_Unit | ation of the device at these or any other conditions above those 
—0.3 to +70 indicated in other sections of this document is not implied. Expo- 
Input Voltage Vin -0.3 to +7.0 
T 


ae, sure to absolute maximum rating conditions for extended periods 
Operating Temperature °C 
Commercial Oto +70 


may affect device reliability. 
Storage Temperature -55 to +150 

















DC CHARACTERISTICS 
(Vcc = SV +5%, Veg = 0, Ta = O to 70°C) 


Power Dissipation (Outputs High) 
Commercial @ 25°C 














| Symbol 
[RAM Standby Voltage Retention Mods) «Vn «| SOC 
oi 
Commercial @ 25°C 
L 


Input Low Voltage 
Input Leakage Current (RES, NMI) ae 


Vin = 0 to 5.0 Vde 


Input Low Current PA, PB, PC, PD, PF*, and PG* 
{V,_ = 0.4 Vde) 
Output High Voltage (Except XTLO) 
(lLoap = .100 pAdc) 


























Output Low Voltage Vo 
(lLoap = 1.6 mAdec) 

Darlington Current Drive, PE* lon 
(Vo = 1.5 Vde) 











Input Capacitance 
(Vi, —0, Ty = 25°C, f = 1.0 MHz) 


PA, PB, PC, PD, PF*, and PG* 

XTLI, XTLO 

1/0 Port Pull-Up Resistance 

PAO-PA7, PBO-PB7, PCO-PC7, PFO-PF7 & PGO-PG7 


Output Leakage Current 
Tri-State Os while in High Impedance State 



































Output Capacitance 
Tri-State Os while in High Impedance State Cout 
Vin = OV, Ta = 25°C, f = 25°C, f = 1.0 MHz 


Note: Negative sign Indicates outward current flow, positive indicates inward flow. 




















*R6500/12Q only. 
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| APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES E.2 CLOCK TIMING 
1. Veco = 5V +5%, 0°C < TA < 70°C 


2. A valid Voc — RES sequence is required before proper 


operation is achieved. Cycle Time 


3. All timing reference levels are 0.8V and 2.0V, unless Tews: Se ee ee 
f : Pulse Wi + 
otherwise specified. -XTLO = VSS 


4. Alltime units are nanoseconds, unless otherwise specified. Output Clock Pulse | Tewx; 
+ 25 





Width at Minimum 


5. All capacitive loading is 130pf maximum, except as noted Tere 
below: 








Fall Time 








PA, PB — 50pf maximum 

: Tins Tr i} Cl 
ee a oe 
PC (ABB and Mux Mode) — 130pf maximum 


PC6, PC7 (Full Address Mode) — 130pf maximum 






XTLI 


(XTLO = Vs) 
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E.3 ABBREVIATED MODE TIMING—PC AND PD 


(MCR 5 = 1, MCR 6 ='0, MCR7 = 1) 





PARAMETER 









































’ NOTE 1: Values assume PCO-PC4, PC6 and PC7 have the same capacitive load. 


E.3.1 Abbreviated Mode Timing Diagram 


les 


—___—__—__—_—_» 








PDO -PD7 
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-E.4 MULTIPLEXED MODE TIMING—PC AND PD 


(MCR 5 = 1, MCR 6 = 1, MCR7 = 1) 









MIN | MAX | MIN 



























'|(PD) Data.Read Hold Time 
(PD) Data Write Hold Time 






































(PC7) Address to EMS Delay Time 
(PC7) EMS Stabilization Time 

















NOTE t: Values assume PDOQ-PD7 and PC7 have the same capactive load. 


E.4.1 Multiplex Mode Timing Diagram 
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E.5 /O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 








Toosu 
Tensu 





Teow'” PA, PB, PC, PE, PF, PG, TTL 
Temos’” PA, PB, PC, PE, PF, PG, CMOS 
| Teopw PD : 


PARAMETER 


Internal Write to Peripheral Data Valid 



















Peripheral Data Setup Time 


PA, PB, PC, PF, PG 
PD 








Trua 
Tour 





Peripheral Data Hold Time 


PA, PB, PC, PF, PG 
PD 








Trew [PAo-Pad Edge Detect Pulse Width 












































Counters A and B | 
Toew PA4, PAS Input Pulse Width Tere | — | Tere | — 
Ton'”! PA4, PAS Output Delay _ | 500 | — 500 
Port B Latch Mode 
Trew PAO Strobe Pulse Width 5 re aay ce 
Teisu PB Data Setup Time. © 178 — 150 == 
Toaiy PB Data Hold Time 30. _— 30 _ 
Serial 1/0 | 
Trow'” PA6 XMTA TTL _ 500 | — 500 
Temos” | PA6 XMTA CMOS — | 1000} — | 1000 
Topw PA4 RCVA S/R Clock Width A Tce) Sl eT ee 
Teow? PA4 XMTR Clock—S/R Mode (TTL) _ §00 | — 500 
Temas!” PA4 XMTR Clock—S/R Mode (CMOS); — 1000 | — 1000 | 











NOTE 1: Maximum Load Capacitance: SOpF Passive Pull-Up Required 
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E.5.1 1/0, Edge Detect, Counter, and Serial 1/0 Timing 


—-—_____ Teye ———__—_—_—___» | 





2 1.5v 4 XN asv 
PAO-PA7 
PCO -PC7 
a 
PFO — PF7 — — }-——J 


il eS A 
(PAO ~ PA3) 








CNTR 1.5V 1.5V 
a el Sag 


TCPW TCPW 


CNTR ; 2.4V 
(PA4, PAS) a) 








i 





-PAO-PA7 a TCMOS 
PCO -PC7 TPDW 2 VDD—30% 
PBO — PB7 2.4V 
PEO - PE7 Se | 
PFO — PF7 . 0.4V 
PGO - PG7 

PB 
(LATCH MODE) 





.. PAO— 
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Rockwell 


R65/11EB e R65/11EAB 


‘R6500 Microcomputer System 


R65/11EB AND R65/11EAB 
BACKPACK EMULATORS 





INTRODUCTION 


The Rockwell R65/11EB and R65/11EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/11 one-chip microcomputer. Like the R6500/11, the 
backpack device is totally upward/downward compatible with all 
members of the R6500/11 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, re-programmed, then reinserted 
as often as desired. 


The backpack devices have the same pinouts as the masked- 
ROM A6500/11 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the RG6500/11. The 
R6500/11 Microcomputer Product Description. (Rockwell Decu- 
ment No. 29651N23, Order No. 2119) includes a description of 
the interface signals and their functions. Whereas the masked- 
ROM R6500/11 provides 3K bytes of read-only memory, the 
-R65/11EB will address 4K bytes of external program memory. 
This extra memory accommodates program patches, test pro- 
grams or optional programs during breadboard and prototype 
development states. 


ORDERING INFORMATION 


Backpack Emulator 


Part Memory Compatible Temperature 
Number Capacity Memories Range and Speed 


“R65/11EB 4K x 8 2732 0°C to 70°C 
{MHz 

R65/11EAB 4K x 8 2732A 0°C to 70°C 
2 MHz 





Support Products 


Part 
Number | Description 


$65-101 SYSTEM 65 Microcomputer 
Development System 


PROM Programmer Module 

1-MHz R6500/11 Personality Module 

2-MHz R6500/11 Personality Module 
Rockwell Design Center 

1 MHz R6500/11P Personality Module (RDC) 
2 MHz R6500/11AP Personality Module (RDC) 









M65-040 
M65-131 
M65-132 
ADC-1001 
RDC-104 
RDC-102 


Document No. 29001013 


FEATURES 


¢ PROM version of the R6500/11 
e Completely pin compatible with R6500/11 single-chip micro- 


computers 

Profile approaches 40-pin DIP of R6500/11 

Accepts 5 volt, 24-pin industry-standard EPROMs 
—4K memories—2732, 2732A (4K bytes addressable) 
Use as prototyping tool or for low volume production 
4K bytes of memory capacity 


192 x 8 static RAM 


Separate power pin for 32 bytes of RAM 

Software compatibility with the R6500 family 

32 bi-directional TTL compatible '/O lines (4 ports) 

Two 16 bit programmable counter/latches with six modes 
(interval timer, pulse generator, event counter, pulse width 
measurement, asymmetrical pulse generator, and retrigger- 
able interval timer) 


10 interrupts (reset, non-maskable, four external edge sen- 
sitive, 2 counters, serial data received, serial data transmitted). 
Crystal or external time base 


e Single +5V power supply 





R65/11EB Backpack Emulator 


Data Sheet Order No. D113 
February 1983 
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CONFIGURATIONS 


The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and V/O, as well as 24 signals to 
support the external memory “backpack” socket. 


The emulator will relocate the EPROM address space to 
FXXX (see Memory Map). EPROM addresses FFA through 
FFF must contain the Interrupt vectors. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a 
clock—the RC option of the R6500/11 is not available in the 
emulator device. The R65/11EB and A65/11EAB divide the 
input clock by two regardless of the source. 


VO PORT PULLUPS 


The devices have interna! /O port pullup resistors on ports 
A, B, & C. Port D has push-pull drivers. 










vcc, VSS 


24 PROM/ROM 
PINS 
















64X68 PORT C 
RAM 


PRODUCT SUPPORT 


The Backpack Emulator is just one of the products that Rock- 
well offers to facilitate system and program development 
for the R6500/11. 


The SYSTEM 65 Microcomputer Development ‘System with 
R6500/11 Personality Module supports both hardware and 
software development. Complete in-circuit user emulation 
with the R6500/11 Personality Module allows total system 
test and evaluation. With the optional PROM Programmer, 
SYSTEM 65 can also be used to program EPROMs for the 
-development activity. When PROM programs have been fin- 
alized, the PROM device can be sent to Rockwell for masking 
into the 3K ROM of the R6500/11. 


In addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 





CLOCK 

OSCILLATOR 
~ INTERRUPT 

‘LOGIC 












PDO-PD7 










p2 





CONTROL 
REGISTER 


40 R6500/11 
COMPATIBLE PINS 





R6S/11EB Interface Diagram 
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24-PIN SOCKET 





Pin Configuration 


VO AND INTERNAL REGISTER ADDRESSES 


Address 
(Hex) 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Serial Receiver Data Register 


Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


04 thru OF 
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BACKPACK MEMORY SIGNAL 
DESCRIPTION 









Signal 
Name 






Description 


Data Bus Lines. All instruction and data 
transfers take place on the data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected'to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. 

Address Bus Lines. The address bus lines 
are buffered by push/pull type drivers that 
can drive one standard TTL load. 









138-178 












Chip Enable. CE is active when the address 
is 6000-FFFF. This line can drive one TTL 
load. 

Memory Enable Line. This signal provides 
the output enable for the memory to place 
information on the data bus lines. This 
signal is driven by an inverted R/W signal 
from the CPU. It can drive 1 TTL load. 
Main Power Supply +5V. This pin is tied 
directly to pin 21 (Voc). 

Signal and Power Ground (zero volts). This 
pin is tied directly to pin 40 (Vgs). 














Upper Latch B, Cntr B<-Latch B, CLR Flag 
Upper Latch 8, Latch C<-Latch B 
Lower Latch B 


Upper Latch A, Cntr A<Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


Serial Transmitter Data Register 

Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 

Mode Control Register 


Interrupt Enable Register 


Clear Int Flag (Bits 0-3 only, Write 0’s only) 





R65/11EBe R65/11EAB 








READ TIMING CHARACTERISTICS 


OE and CE setup time trom CPU 
Address setup time from CPU 
Memory read access time 

Data set up time 

Data hold time—Read 

Address hald time 

OE and CE hold time 

Cycle Time 


READ TIMING WAVEFORMS 


oz 


OE 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 


ABBREVIATED MODE 


MEMORY MAP 
rrr¢|_ RES VECTOR 
FFFA|__NMIVECTOR | 


INTERNAL 
3FFF REGISTERS 


PERIPHERAL DEVICES 
(64) 
ABBR ADOR MODE 


OOFF 
INTERNAL RAM (192) 
0040 


'O & REGISTERS 
a 


"NOT AVAILABLE FOR MASKED ROM F6500/11. 


>| 


EMS 
VALID 


le 





EMS 






Backpack Emulators 





MULTIPLEXED MODE 
MEMORY MAP 


IRQ VECTOR 
RES VECTOR 
NMI VECTOR 









EXTENDED ROM (1K)* 


INTERNAL 
REGISTERS 


EXTERNAL MEMORY 
(16384-256) 
MUX’D ADDR MODE 


INTERNAL RAM (192) 


uate A eee ee ‘0000 
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ELECTRICAL CHARACTERISTICS 
(Vee = 5.0 + 5%, Vss = 0, Ta = 25°C) 
Characteristic 


Input High Threshold Voltage 
DO-D7 


Input Low Threshold Voltage 
DO-D7 


Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Voc = 5.25V) 
DO-D7 


<| < 
cl = 


Output High Voltage 
(lioap = 100% Ade, Vcc = 4.75V) 


< 
° 
x 


DO-D7, A0-A11, OE, CE 
Output Low Voltage 


(tloaD = 1.6 mAdec, Voc = 4.75V) 
DO-D7, AO-A11, OE, CE 


Power Dissipation (less EPROM) 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 MHz) 
D0-D7 (High Impedance State) 
Input Capacitance 


VO Port Pull-up Resistance 


iad 
° 


















~~ 0.050 + .020 
1.220 MAX 

















—_.| —+| |+-+0050+.015 BOTH ENDS 
—-| [+ 0.100.010 re 








40-Pin Backpack Package 
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R6500/13 @ R6511Q 
R6500 Microcomputer System 


R6500/13 and R6511Q 
ONE-CHIP MICROCOMPUTER 
and ONE-CHIP MICROPROCESSOR 





SECTION 1 
INTRODUCTION 





1.1 FEATURES e Flexible clock circuitry 
—2-MHz or 1-MHz internai operation 
Internal clock with external XTAL at two or four times 
e Enhanced 6502 CPU internal frequency : 
—Four new bit manipulation instructions —External clock input divided by one, two or four 
® = sted Serene e 14S minimum instruction execution time @ 2 MHz 
ese oe 
Psat pen eee a By e NMOS-3 silicon gate, depletion load technology 
e Branch on Bit Reset (BBR) e Single +5V power supply 
— Decimal and binary arithmetic modes e 12 mW stand-by power for 32 bytes of the 192-byte RAM 
—13 addressing modes e 64-pin QUIP 
—True indexing NOTE 
e 256-byte mask-programmable ROM or no ROM* 
e 192-byte static RAM ms sre sth sas ae pret to sae 
= nee : ; : oth parts. See section 1.3 for a description of the op- 
bd a Diereclonal: iE compatible VO lines (four ports) tions avaitable when using the R6500/13 and the fixed 
e One B-bit port may be tri-stated under software control features of the R6511Q. : 
e One 8-bit port may have latched inputs under software 


control 

Two 16-bit programmable counter/timers, with latches 

—Pulse width measurement 

—Asymmetrical pulse generation 

—Pulse generation 

— Interval timer 

— Event counter 

—Retriggerable interval timer 

Serial port 

—Full-duplex asynchronous operation mode 

—Selectable 5- to 8-bit characters 

—Wake-up feature 

—Synchronous shift register mode 

— Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 

Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 

—Reset 

—Non-maskable 

—Two counter underflows 

—Serial data received 

—Serial data transmitted 


Bus expandable to 64K bytes of external memory 
*R65110 has no ROM. 


1.2 SUMMARY 


The Rockwelt R6500/13 is a complete, high-performance . 
8-bit NMOS-3 microcomputer on a single chip and is com- 
patible with all members of the R6500 family. 


The R6500/13 consists of an enhanced 6502 CPU, an in- 
ternal clock oscillator, an optional 256 bytes of Read-Only 
Memory, 192 bytes of Random Access Memory (RAM) and 
versatile interface circuitry. The interface circuitry includes 
two 16-bit programmable timer/counters, 32 bidirectional in- 
put/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, 
ten interrupts and bus expandability. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/13 a 
leading candidate for microcomputer applications. 


The R6511Q contains all the features of the R6500/13 except 
it has no ROM and is thus intended as a high feature micro- 
processor with full 65K address bus. 
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R6511Q Microprocessor and R6500/13 Microcomputer 


To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. 
This device, the R6511Q, provides all R6500/11 interface 
lines, plus the address bus, data bus and control lines to in- 
terface with external memory. The R65110 also can be used 
to emulate the R6500/13. With the addition of external cir- 
cuits it can also emulate the R6500/12. 


Rockwell supports development of the R6500/13 with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 


This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 


REs11@ 1.628 


(41.35 MM) 
a6s00/13 











1.3 CUSTOMER OPTIONS 


The R6500/13 microcomputer is available with the following 
customer specified mask options. 

Option 1 Crystal or RC oscillator’ 

Option 2 Clock divide by 2 or 4 

Option 3 Clock MASTER Mode or SLAVE Mode 

Option 4 with or without a 256 byte ROM 

Option 5 Reset Vector at FFFC or 7FFF 

Option 6 Port A with or without internal pull-up resistors 
Option 7 Port B with or without internal pull-up resistors 
Option 8 Port C with or without internal pull-up resistors 


All options should be specified on an R6500/13 order form. 


The R6511Q has no customer specified mask options. It has 
the following characteristics. 

e Crystal Oscillator 

e Clock Divide by 2 

e Clock MASTER Mode 

e Without ROM 

e Reset Vector at FFFC 

e No internal pull-up resistors or any Port (PA, PB, or PC) 


1-50 
» ‘e " “< 














, SAovdS 1vN0} le 











—- WNINON 014 os0'0 








$s .050 REF 4 A 
(1.27 MM) pechas 
.680 TYP 
|<< (17.27 MM) 


64 PIN QUIP 





Figure 2-1. Mechanical Outline & Pin Out Configuration 





R6511Q Microprocessor and R6500/ 





SECTION 2 


13 Microcomputer 


R6511Q AND R6500/13 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
A6511Q and R6500/13. Figure 2-1 and 2-2 show the Inter- 
face Diagram and the pin out configuration for both devices. 
Table 2-1-describes the function of each pin..Figure 3-1 has 
a detailed block diagram of the R6500/13 ports which illus- 
trates the internal function of the device. 



























| 16 BIT : 
COUNTERI/LATCH . 
A oe 


SERIAL RECEIVE, 
TRANSMIT 
REGISTERS 


Rie500/13 















16 BIT 
. COUNTERILATCH 
: B 


85110 
*MULTIPLEXED FUNCTIONS PINS {Sotware Selectable) 


Figure 2-2. Interface Diagram 


ong CA (PAS) 


PAO-PA? {PAQ, FAI, 
PA2, PAI: 
EDGE DETECTS) 


Pa0-PB7 (LATCHED INPUTS) 


DS (PAO) 
(DATA STROBE)‘ 


PCO-PC7/(A13,.A14 
(Full address mode)” 


PDO-PD7/ 
(DATA/ADDR BUS (A4-A11)) 


CB (PAS): 


SO (PAG): 
SI (PAT) © 
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Table 2-1. R6500/13 Pin Descriptions 


Signal Name . Pin No. 
Voc 21 
Van - 43 
Vos 44 
XTLI 42 
XTLO 41 
RES 6 
go 45 
NMI 23 
PAO-PA7 39-32 
PBO-PB7 31-24 
PCO-PC7 - 54-61 
PDo-PD7 62-64, 

1-5 

AO-A12, A15 20-7 
DBO-DB7 53-46 

SYNC 22 

W 40 


Description 


Main power supply +5V 

Separate power pin for RAM. 
In the event that Veg power, 
is off, this power retains RAM 


data. 


Signal and power ground (OV) 
Crystal or clock input for in- 
ternal clock oscillator. Also 
allows input of X1 clock sig- 
nal if XTLO is connected to 
Vss, or X2 or X4 clock if XFLO 
is floated. 

Crystal output from internal 
clock oscillator. eh 
The Reset input is used tol: 
initialize the device. This.sig- 
nal must not transition trom 
low to high for at least eight 


cycles after V., reaches op- 


erating range and the inter- 
nal oscillator has stabilized. 
Clock signal output at inter- 
nal frequency. 


A negative going edge on the 
| Non-Maskable Interrupt sig- 


na! requests that a non-|. 
maskable interrupt be gen- 
erated with the CPU. 

Four 8-bit ports used for 
either input/output. Each line 
of Ports A, B and C consists 
of an active transistor to Vss 
and-an optional passive pull- 


.| Up to Vcc. In the abbreviated 


or multiplexed modes of op- 
eration Port C has an active 
pull-up transistor. Port D 
functions as either an 8-bit 


input or 8-bit output port. It 


has active pull-up and pull- 
down transistors. 

Fourteen address lines used 
to address a complete 
65K external address space. 
Note: A13 & A14 are sourced 
through. PC6 & PC7 when in 
the Full Address Mode. 
Eight bidirectional data bus 
lines used to transiit data to 
and from external memory. 
SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU is per- 
forming an OP CODE fetch. 
Controls the diréction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading. and low 
when writing. 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/ 
13. Functionally the R6500/13 consists of a CPU, both RAM 
and optional ROM memories, four 8-bit parallel I/O ports, a 
serial I/O port, dual counter/latch circuits, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. 


NOTE 
Throughout this document, unless specified otherwise, 


all memory or register address locations are specified 
in hexadecimal notation. : 





3.1 CPU LOGIC 


The. R6500/13 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 86-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator 


The accumulatar is a general purpose 8-bit register that. 
stores the results of most arithmetic and logic operations. In 


addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. , 


The stack allows simple implementation of multiple fevel 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and ATS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 
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location is stored (or "pushed”) onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the ‘Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
“pulled”) from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and.decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs cah be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt | logic controls the sequencing ‘of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any. one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6500/ 
13. The added instructions and their format are explained in 
the following paragraphs. Refer to Appendix A for the Op 
Code mnemonic addressing ‘matrix for these added instruc- 
tions. The four added instructions do not impact the CPU 
processor status register. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to “1” one of the 8-bit data field specified 
by the zero page address (memory or.I/O port). The first byte 
of the instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated. upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB: 


instruction except a reset to “O” of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
/O ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a “1”. If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". , 
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3.3 READ-ONLY-MEMORY (ROM) 


The optional ROM consists of 256 bytes mask programmable 
memory with an address space from 7F00 to 7FFF. ROM 
locations FFFA to FFFF are assigned for interrupt vectors. 
The reset vector can be optionally at 7FFE or FFFC. 


The R6511Q has no ROM and its Reset vector is at FFFC. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/13 provides a:separate power pin (Va_) which may be 
used: for standby power: for 32 bytes located at 0040-005F. 
In the event of the loss of Vc, power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var pin. If the RAM data retention is not required then Var 
must be connected to Vec. During operation Vz, must be at 
the Vec level. , 


For the RAM to retain data upon loss of Vcc, Van must be 
supplied within operating range and RES must be driven low 
at least | eight $2 clock pulses before Vec falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight $2 clock cycles after Voc 
is again within operating range and the. internal ¢2 oscillator 
is stabilized. Vaq must remain within Voc operating range 
during normal operation. When Veg is out of operating range, 
Vara Must remain within the Vj, retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 





1 INITIAL APPLICATION OF Voc AND Var. 
2LOSS OF Voc, RAM ON STANDBY POWER. 
3 REAPPLICATION OF Vcc. 

4 >8 $2 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 §2 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 
The R6511Q has been configured for a crystal oscillator, a 


divide by 2 countdown network, and for Master Mode 
Operation. 


Three customer ‘selectable mask options are available for 


controlling the R6500/13 timing. The R6500/13 can be ordered 
with a crystal or RC oscillator, a divide by 2 or divide by 4 
countdown network and for clock master mode or clock 
slave mode operation. 


For 2MHz interval operation oe divide-by-2 options must be 
specified: 


A reference frequency can be generated with the on-chip 


oscillator using either an external crystal or an external resistor" 


depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 


work (divide by 2 or divide by 4 option) to obtain the internal 


operating frequency (see Figures 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred: method 


since the resistor method can have tolerances approaching - 


50%. 


Internal timing can also be controlted by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 


XTLI 
R6500/13 
XTLO 


tint = 1 MHz 
(USE = 4) 
fexy =4 MHz 


A. RESISTOR INPUT 
XTLI 


AG500/13 
XTLO 


fint = <2 MHz 


2-4 MHz C1 
fext = 2x or 4X fint 


B. CRYSTAL INPUT 
Vec 
3002 
XTLI 


R6500/13 
NC ()XTLO 


finy = <2 MHz 


fext = 2X or 4X fint 


fint = tor2 MHz 


fext = fint 


C. CLOCK INPUTS 





Figure 3-3. Clock Oscillator Input Options 
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is tied to Vss, the internal .countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. a 


The operation escribed above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network, or external source) must be applied to the XTLI 
and XTLO pins. 


Note: 
When operating at a 1 MHz internal frequency place a 
15-22 pt capacitor between XTLO and GND. 


$2 is a buffered output signal which closely approximates the 
internal timing. When a common external source is used to © 
drive multiple devices the internal: timing between devices as 
well as their $2 outputs will beskewed in time. If skewing rep- 
resents a system. problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 


One R6500/13 is operated in the CLOCK MASTER MODE 
and a second in the CLOCK SLAVE MODE. Mask options 
in the SLAVE unit convert to $2 signal into a clock input pin 
which is tightly coupled to the internal timing generator. As 
a result the internal timing of the MASTER and SLAVE units 
are synchronized with minimum skew. If the $2 signal to the 
SLAVE unit is inverted, the MASTER and SLAVE UNITS 
WILL OPERATE OUT OF PHASE. This approach allows the 
two devices to share external, memory using cycle stealing 
techniques. 


A6S00/13 


: 2 (OUTPUT CLOC 
MASTER 7 e10un ee) 


INVERTER USED 
| WHEN SLAVE [S 
| TO OPERATE 


r--4--4 


WITH MASTER 


(INPUT CLOCK) 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for thé mul- 


tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 


Communications Control Register (SCCR), determines the 


hasic configuration of the A6500/13 in any application. Ini- 
tializing this register is one of the first actions of any software 


program. The Mode Control Register bit assignment is shown - 


in Figure 3-5. 


‘ounter A 
Counter B Mode Salect 
Mode Select 06 Olnterval Timer 
: O—— 1 Pulse Generation 
: 1—— 0 Event Counter 

Bus Mode Select |. | 1 
0 —— 0 Interval Timer 
0 -~—-~ 1 Asymmetric Pulse Generation 
*¢ ——— 0 Event Counter : 
 1——— 1 Retriggerable Interval Timer 
L Por B Lateh 

{1 = Enabled) 

Port D Tzl-State 

(0= Tr State High Impedance Mode) 


Addr 0014 





0 Full Address 
= Normal - 
0 Abbr. Bus . 


1 1 Mux'd. Bus 


Figure 3-5. Mode Controt Register 
The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port.B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
46. 


The use:of Bus Mode Sefect is shown in Section 4.5 and 4.6. 


1 Pulse Width Meas. 





3-194 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER). 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may.be examined at any time 
by reading at address: 0011. Edge detect FR bits may be 
cleared by executing a RMB instruction at address location . 
0010. The RMB X, (0010) instruction reads. FF, modifies bit 
X to.a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1” after the read. cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic “1” is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a."1” by writing a “1” in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing a "0" in the respective bit position, 
or by AES. If set to a1”, an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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; SAAS EEE pee 


PAO Positive 
Edge Detect 
PAI Positive 
Edge Detect 
PA2 Negative 


“Edge Detect 
PA? Negative 
Edge Detect 
" Counter A 
i  Underflow Flag 
“Counter 8 
‘Undertlow Fing 
- Receiver | 
Flag 
XMTR 
Flag 





Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


PAO Positive Edge Detect Flag—Set to a "1” when a positive going edge is detected on PAO. 
Cleared by RMB O (0010) instruction or by RES. 


PA! Positive Edge Detect Flag—Set toa1whena Positive going: edge is detected on PAI. 
Cleared by RMB 1 (0010) instruction or by RES. 


PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


PA3 Negative Edge Detect Flag—Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. 


‘Counter A Underflow Flag—Set to a 1 when Counter. A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. : 


Counter B.Underflow Flag—Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B:at location OO1C, by writing to address location 001E, or by RES. 


Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set toa 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. : 


Transmitter Interrupt Flag—Set to'a 1 when SCSA 6 is set to a 1 while SCSR 5 is a 0 or SCSA 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled both 
by the user’s program and the CPU. The A6502 instruction set 
contains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight pro- 
cessor status flags is described in the following sections, . 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
. arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 


: occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations. which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) | 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


“NOTES 
(1) Not initialized by RES 


(2) Set to Logie 1 by RES 





zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 


‘affected by the following instructions; ADC, AND, ASL, BIT, 


CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSA, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, FXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (1) 


The Interrupt Disable Bit (1) is used to contro! the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable. Bit to logic 1 if a RESET (RES),IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from tnter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


CARRY (C)(1) 


+= Carry Set 
0 = Carry Clear 
ZERO (2)(1) 


= Zero Result 
= Non-Zero Result 


1 
0 


INTERRUPT DISABLE Or) 


1+ = IAG Interrupt Disabled 
0 = IAQ Interrupt Enabled 


: DECIMAL MODE {0)(7) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (BC) 


1 . Break Command : 
0 = Non Break Command 


OVERFLOW (0)(1) 


1= Overflow Sel 
0 = Overflow Clear 


NEGATIVE (N) @) 


1= Negative Vaiue 
O= Postive Value 


Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The.Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 


CAUTION 
The Decimal Mode Bit will either, set or clear in an 


unpredictable manner upon power. application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 





3.8.5. Break Bit (B) 


The Break Bit Bit (B) is used to determine the condition which 
caused the.IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The. Overflow. Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n < 127). 
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This indicator‘only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction. is performed, the. Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 


-overtlow has nothing to do with signed arithmetic, but is just 


another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, ATt and SBC. 
3.8.7 Negative Bit (N) 


The Negative Bit (N) is us@d to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data.arith- 
metic operation is set to logic 1. If the sign bit is set to logic 


1, the resulting value of the data movement or arithmetic 


operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, . 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 

INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 

ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION4 
PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES 


The devices have. 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or all outputs. 


Multifunction O's such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 


Internal pull-up resistors (FET’s with an impedance range of 
3K < R, < 12K ohm) are provided on all port pins except 
Port D. A mask option to delete the internal pull-ups in 8- ‘bit 
port groups is available. 


The direction of the 32 I/O lines are controlled by four 8-bit 


_port registers located in page zero. This arrangement pro-. 


vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the I/O ports, thus simplifying /O handling. 
The I/O addresses are shown in Table 4-1. Appendix E.6 
shows the I/O Port Timing. 


Table 4-1. 


i/O Port Addresses 








4.1 INPUTS 


Inputs for Ports A, B, and C are enabled by loading logic 1 
into all /O port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to togic 1 thus 
initially treating all I/O lines as inputs. 
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Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MGRS5) 
to a "0". 


The status of the input lines can be interrogated at any time 
by reading the 1/O port addresses. Note that this wilt return 
the actual status of the input lines, not the data written into 
the 1/O port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSA, 
RMB; ROL, ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 


Port D all outputs is selected by setting MCRS5 to a “1”. 


4.3 Port A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O Ilnes, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the pe clock rate. Edge detection timing is shown in Ap- 
pendix E.5. 
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Table 4-2. Port A Control & Usage 


yo PORT B LATCH MODE 












PAO VO —_ 


SIGNAL . SIGNAL 


PAO : ire) PORT B INPUT (1)° |” 
LATCH STROBE 


_ PA1-PA3 1/0 
SIGNAL 




















PAO (2). 
PIN 39 





PA1 (2) 
PIN 38 
PA2 (3) 

PIN 37 
PA3 (3) 
_ PIN 36 








SCCR7 = 0 
SCCRE = 0 
MCRAI1 = 1 






SCCR7 = 0 
ACVR S/R MODE = 0 
(4) 











ACVR S/R MODE = 0 
(4) (5) 


SERIAL I/O SHIFT REGISTER CLOCK 


RCVR S/R MODE = 1 
SCCR5 = 1 (4) 


SIGNAL SIGNAL 
XMTA CLOCK OUTPUT ' ACVR CLOCK INPUT (1) 


PAS I/O 

















SCCR7 = 1 





















COUNTER B I/O 










SIGNAL 


| 


SIGNAL SIGNAL | 
CNTB OUTPUT CNTB 


SERIAL I/O « 
PAG 1/0 —: XMTR OUTPUT 


SCCR7=0 | SCCR7 = 1 
«BCCRS - SCCR4 = 1 


SIGNAL . SIGNAL 
aad NAME TYPE (5) For the following mode combina- 
OUTPUT tions PA4 is available as an input: 


only pin: 


SCCR7*«SCCR6*SCCR5*MCAI 
+ SCCR7*SCCAE*7SCCR4*MCA1 
+ SCCR7*SCCR6*SCCR5 
PAT SCCRE = 0 
a 































(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect ea 

(4) RCVR S/R Mode = 1 when SCCRG6 






























SERIAL VO 
RCVR INPUT 

















+ SCCR7*SCCR5C*eSCCR4. 
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INPUT (1) 
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4.4 PORT B (PB) 


Port B can be programmed as an 8-bit, bit-independent |/O 
port. It has a latched input capability which may be enabled 
of disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- . 
grammed to be used with latched input option. Input data 
latch timing for Port Bis shown in Appendix E.5. 


Table 4-3. Port B Control & Usage 


Latch 
I/O Mode Mode 














4.5 PORT C (PC) 


Port C can be programmed as an I/O port, as part of the full 
address bus, and, if conjunction with Port D, as.an abbre- 
viated bus, or as a multiplexed bus. When operating in the 
Full Address Mode PC6 and PC7 serve as A13 and A14 with 
PCO-PC5 operating as normal I/O pins. When used in the 
abbreviated or multiplexed bus modes, PCO-PC7 function as 
AO-A3, A12, R/W, A13, and EMS, respectively, as shown in 
Table 4-4, EMS (External Memory Select) is asserted (low) 
whenever the internal processor accesses memory area 
between 0100 and 3FFF. (See Memory Map, Appendix B). 
The leading edge of EMS may be used to strobe the eight 
address lines multiplexed on Port D in the Multiplexed Bus 
Mode. See Appendices E.3 through E.5 for Port © timing. 


4.6 PORT D (PD) 


Port D can be programmed as an I/O Port, an 6-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 


(1) Resistive Pull-Up, Active Buffer Pull-Down ~ 
' (2) Input data is stored in Port B latch by PAO Puise | 
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bit 5 of the MCR to 1 (one). Table 4-5 shows the necessary 
settings for the. MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PDO-PD7 serves as data register bits DO-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through. A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory as- 
signments. Seé Appendices E.3 through E.5 for Port D timing. 


4.7 BUS MODES. 


A special attribute of Port C-and Port D is their capability to 
be configured via the Mode Control Register (see Section 
3.6). into four different modes. 


In the. Full Address Mode, the separate address and data bus 
are used.in conjunction with PC6 and PC7, which automat- 
ically provide At3 and A14. The remaining ports perform the 
normal I/O function. 


In the /O Bus Mode all ports serve as I/O. The address and 
data bus are still functional but without A13 and A14. Since 
the internal RAM and registers are inthe OOXX location, A15 
can be used for chip select and A0Q-A12 used for selecting 
8K of external memory. Thus, the device can be used to 
emulate the R6500/11. in the Normal Bus Mode. 


in the Abbreviated Bus Mode, the address and data lines can 


. be used as in the: lO Bus Mode to emulate the R6500/11. 
Port’'C and. Port D are automatically transformed into. an 


abbreviated address bus and control signals (Port C) and a 
bidirectional data bus (Port D). 64 Peripheral addresses can 
be setected. In general usage, these 64 addresses would be 
distributed to several external I/O devices such as R6522 
and R6520, etc., each of which may contain more than one 
unique address. 


In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port D multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 16K; during the second half of the cycle-it contains 
a bidirectional data bus. The address bits appearing on Port 
D must be latched into an external holding register. The 
leading edge of EMS, which indicates that the bus function 
is active, may be used for this purpose. 


Figures 4-1a thru 4-1d show the possible configurations of the 
four bus modes. Figure 4-2.shows a memory map of the port 
as a function of the Bus Mode and further shows which 
addresses are active or inactive on-each of the three possible 
buses. , 
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Table 4-4. Port C Control & Usage 


Full Address Abbreviated 
Mode UO Mode Mode 





Pin 

Name Name Type Name 
PCO PCO VO (1) PCO 
PC1 PC1 VO (1) PC1 
PC2 PC2 WO (1) PC2 
PC3 PC3 WO (1) PCS 
PC4 PC4 VO (4) PC4 
PCS PCS VO (1) PC5 
PC6 A13 OUTPUT (2) PC6 
PC7 Al4 OUTPUT (2) PC? 





Multiplexed 
Mode 
0 MCR7 = 1 MCR7 = 1 
1 MCRE = 0 MCR6 = 1 
Signal 
Type Type , Type 
(1) Name (2) Name (2) 
1/0 AQ OUTPUT AO OUTPUT 
fe) Al OUTPUT Al OUTPUT 
vO A2 OUTPUT A2 OUTPUT 
‘VO A3 OUTPUT A3 OUTPUT 
fe) A12 ‘OUTPUT Al2 OUTPUT 
WO RW OUTPUT RW OUTPUT 
VO Ai3. |] 3= OUTPUT A13 OUTPUT 
vO EMS ~ OUTPUT EMS OUTPUT 








(1) Resistive Pull-Up, Active Buffer Pull-Down 


(2) Active Buffer Pull-Up and Puti-Down 


[A 


























Table 4-5. Port D Control & Usage 


VO Modes 


Signal 





INPUT PDO OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


‘OUTPUT 








(1) Tri-State Buffer is in High Impedance Mode 
(2) Tri-State Buffer is in Active Mode 





(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 









Type Type Type 
(1) (2) (3). Type (2) Type (3) 
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8511Q OR ResOn/1g 


UP TO 64K. 
OF EXTERNAL 
10 OF MEMORY 


ACTIVE FROM 
O04-000F, 
& OICD-FFFE 


VECTORS AT 
FFFA-FFFF 
















IW (PCS) 


=a =< 


ie, 
RES110 OF RESOO3 a, 
a. 
[swe 


_ UP TO 64 BYTES OF 
EXTERNAL 
VO OR MEMORY 


ES 











UP TO 32K 
OF EXTERNAL 
0 OR MEMORY 







C. ABBREVIATED BUS MODE 
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868110 OR RE600/13 

















UP TO 16K.24a 
OF EXTERNAL 
VO OR MEMORY 


ACTIVE FROM 
0004-G0nF, 
O1O1FFF 

& B000-SF FF 


(VECTOAS AT 
SFFA-OFFF) 










: "DATA BUS 





B. NORMAL SUS MODE 


XTLO 















NTL 
Vee Porta 
‘Ven AW (PCS) 
: ; UP TO 16K-256 
cya OF EXTERNAL 
Ap-A3, 012, A13 (PCHA, 6) NO OR MEMORY 


z 
z 










al 


[ ACTIVE FROM 
O100-3FFF 







PORTO (D¥-D7) 


Bf a> 

AGST10 OR RESDO/19 —_—s 
ae: 
[smc 










UP TO 32K 
DATA BUS EXTERNAL 0 OR 
MEMORY 
ee 
peote 
4000-BFFF 







ADDRESS ALB 






VECTORS AT 
BFFA-BFFF 





“LATCH BUCH AS TALS 373 


D, MULTIPLEXED BUS MODE 











Figure 4-1. 





Bus Mode Configurations 
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ABBREVIATED MULTIPLEXED NORMAL FULL ADDRESS 
MODE MODE MODE 


ZA. 


0% 
oi 


Ss 
A] 
«) 
Ses 


C2 
eo 
oO 


= 
SS 


INTERNAL BOOT 
STRAP ROM 
(R6500/13 ONLY 


) 
% 
PS? 


Cx 
oles! 


Se 





EMS VALID 
(WHEN ABBR OR 
MUX MODE 
SELECTED) 


RAM AND 
INTERNAL 
REGISTERS 


VO PORTS 


MEMORY 
AREA 


ACTIVE 


MUX/ABBR BUS 
EXTERNAL BUS 
INTERNAL BUS 
MUX/ABBR BUS 
EXTERNAL BUS 
INTERNAL BUS 
MUX/ABBR BUS 
INTERNAL BUS 
MUX/ABBR BUS 
INTERNAL BUS 


ACTIVE 
BUT REDUNDANT 


MAY BE 


ACTIVE 
(OPTION DEPENDENT) 


‘INACTIVE 





Figure 4-2. Memory Map 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 





The device provides a full dupiex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial /O 
functions are controlled by the Serial Communication Control 
Register (SCCA). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate ysing the internal clock is 62.5K bits per 
second (at #2 = 1 MHZ). The transmitter (XMTR) and receiver 


(RCVR) can be independently programmed to operate in 


different modes and can be independently enabled or 
disabled. c 


“0~Odd Parity 
ci te~Even Parity 
0 Parity Disable 
1 Parity Enable 
-0~68 Bite/Char 
1~7 Bits/Char 


0~6 Bite/Char 
I~ 5 Bits/Char 
0 XMTR & RCVR ASYN Mode 
1 XMTR ASYN, ACVA S/R 
. X XMTR S/R, RCVR ASYN 
0 ACVA Disable ‘ 
1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVA S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A.is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal-values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
Status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when. enabled, a parity bit to 
the transmitted data. A word of transmitted data. (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 


STAAT a ee DATA — ‘ | 2stor | STOP 
[sraet 

a ear oaTa | astor | 
mr | BIT DATA : 2B70R 


ASYNCHRONOUS MODE WITH PARITY 





7-BIT DATA 


Fe ce 


Fee a Pe 


SHIFT REGISTER MODE 8-BIT DATA 


WORD M WORD M +1 





SHIFT REGISTER CLOCK (PA4) 


Figure 5-2. SIO Data Modes 





In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PAG) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTAR interrupt Flag bit (IFR7) is, controlled by Serial 
Communication Status Register bits SCSRA5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSRA5 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1.” In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will-set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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*Serial Input Deta Shifted In 


Figure 5-3. ASYN Receive Data Timing 


in the S/R mode, an external shift clock must be provided at 
CA (PAA) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


* Serial Input Data Shiftedin 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is. generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


_The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Aeceiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 


Register to the Receiver Data Register. This bit is . 


cleared by reading the Receiver Data Register, or 
--by RES and is disabled if SCCR'6 = '0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error. condition; instead, a corre- 
sponding error bit will be set to a logic 1. 


Over-Run Error—Set to a logic 1 when a new char- 


SCSR 1: 
; acter is transferred from the Receiver Shift Reg- 


ister with the last character still in the Receiver 


Data Register. This bit is cleared. by reading the 
Receiver Data Register or by RES. 


SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
“by reading the Receiver Data Register or by RES. 
Framing Error—Set to a logic.1 when the received 
data contains a zero bit after the last data or parity: 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 
.Wake-Up—Set to a logic 1 by writing a “1° in bit 
‘4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1’s. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 


End of Transmission—Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

Transmitter Under-Run— Set to a iogic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the anemia Shift 
Register or by RES. 





SCSR 3: 


SCSR 4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 


Addr 0016 


[ ACVR Data 
Reg Full 


RCVR Over-Run 
Parity Error 
- Frame Error 
Wake-Up 


End of Transmission 








, — XMTR Data Reg Empty 


L XMTR Under-Aun 


Figure 5-5. SCSR Bit Allocations 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message‘by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects:a string of 
11 consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
_counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independenily pro- 
grammed to operate in one of four modes: 


Counter A Counter B 
e Pulse width e Retriggerable Interval Counter 
measurement e Asymmetrical Pulse 


Pulse Generation 


Interval Timer 
Event Counter 


Generation 
Interval. Timer 
Event Counter 





Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins ‘at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B {see Table 4.2). 


6.1 COUNTER A. 


Counter A consists of a 16-bit-counter and a 16-bit latch 

organized as fotlows: Lower Counter A (LCA), Upper Counter. 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 

The counter contains the count of either #2 clock pulses or 

external events, depending on the counter mode selected. 

The contents of Counter A may be read any time by exe- 

cuting a read at location 0019 for the Upper Counter A and 

at location 001A or location 0018 for the Lower Counter A. 

A read at location 0018 also clears the Counter A Undertlow 

Flag (IFR4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied. into the 


- COUNTER UNDERFLOW 


coured pT eT 











COUNTER INTERRUPT ENABLED J ° 
SET ANY TIME BEFORE 


Ww 
COUNTER UNDERFLOW FLaa «= COUNTER UNDEAFLO 











Interval Timer Timing Diagram 


Figure 6-1. 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value—not FFFF—and the Counter A Underflow Flag (IFR 
4) will be set to "1”. This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address Io- 
cation 001A, or by RES. 


Counter A Operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


Interval Timer 


Pulse Generation 
Event Counter 
Pulse Width Measurement 





The Interval Timer, Pulse Generation, and Putse Width Mea- 
surement Modes are 2 clock counter modes. The Event 
Counter Mode counts the occurrences of an externa! event 
on the CNTRA line. a 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When'the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at-the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1s to 65.535 


“ms at the 1 MHz $2 clock rate or 0.5 ys to 32.767:ms at the 


2 MHz #2 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in als counter IRQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA /|/O bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address O01A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the $2 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 











COUNT 





Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the g2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 





N-3 











Figure 6-3. Pulse Width Measurement 


6.1.5 Serial |/O Data Rate Generation 


Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter 1/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a $2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


2 





N 
16 x bps 
where 
N = decimal value to be loaded into Counter A using 
its hexadecimal equivatent. 
g2 = the clock frequency (1 MHz or 2 MHz) 
bps = the desired data rate. 










NOTE 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 
Clock Rate 

Needed 

Actual To Get 

Hexadecimal Baud Standard 

Standard Value Rate At Baud Rate 
Baud ee) 
Rate — 1MHz 2 MHz 
50 50.00 1.0000 2.0000 
75 75.03 1.0000 2.0000 
110 110.04 1.0000 2.0000 
150 149.88 1,0000 2.0000 
300 300.48 1.0000 2.0000 
600 600.96 1.0000 2.0000] 

1200 1201.92 1.0000 2.0000 
2400 2403.85 1.0000 2.0000 
3600 3676.47 0.9792 1.9584 
4800 4807.69 1.0000 2.0000 
7200 6944.44 1.0368 1.9584 
9600 8928.57 1.0752 2.0000 











6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either $2 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A Read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
Q01E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFRS) will be set 
to a “1” whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location OO1E, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerabte Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 
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6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
OOTE, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 








Latch 
Value 


Count Value 


acoo 













Counter 


Underflows Reset by Software 


AL 


Counter B 
Flag 





Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 


In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 


1. The lower 8 bits of P are toaded into LLB by writing to 
address 001C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001D. At this point both 
Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001E. Writing to 
address location 001E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 


3. When Counter B underfiow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch 8 is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 





7.1 POWER ON TIMING 


After application of Vcc and Var power to the device, RES 
must be held low for at jeast eight 2 clock cycles after Voc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vec voltage and performance of the internal oscillator. The 
clock can be monitored at $2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 


ee 
ce 9g 
POWER ON 
__ oe WANN TULL 


MUU UU ULL 














XTLO~— CLOCK Za] 
STABILIZATION 
TIME 
92. MMOL UL 
: 92 cuoox 
AES CYCLES MIN. 





Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
{or optionally 7FFE and 7FFF) to begin user program exe- 
cution. All of the I/O ports (PA, PB, PC, PD) will be forced 
to the high (logic 1) state. All bits of the Control Register will 
be cleared to logic 0 causing the Interval Timers counter 
mode (mode 00) to be selected and all interrupt enabled bits 
to be reset. 


|-—p—| p |— 


1&3. COUNTER B 
2&4. COUNTER B 


LATCH B (D) 
LATCH C (P) 





Figure 6-5. Counter B Pulse Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and i/O ports to be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initialization of 1/O Ports and Registers 


REGISTERS 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag {IFR) 
Ser. Com. Control (SCCR) 


Ser. Com. Status (SCSA) 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PD Latch 





All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear Interrupts 


ah wn - 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Contro! and 
special function registers 
ere and clear RAM as required 
CLI Clear Interrupts 
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| APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE | 
TwNEWoNIG[ STRUCTION 


(INSTRUCTION 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus , 
Branch on Result not Zero 
Branch on Result Plus 

Force Break 

Branch on Overflow Clear 
Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


“Exclusive-Or” Memory with 
Accumulator 


Increment Memory by One 
increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return 
Address 
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Load Accumulator with Memory 
Load Index X with Memory 
Load Index Y with Memory 
Shift One Bit Right (Memory or 
Accumulator) 


No Operation 


“OR” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory or 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set tnterrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 





ORA 
(ING; x) 
26 





EOR 
(IND, X) 


(IND, x) | 
26 


STA 
Relative | (IND, Y) 
2°; 2 6 


LDA 
(IND, X) 
2 6 


( LDA 
Relative | (IND), Y 
2 a7 | 2 5° 

CMP 
(IND, X) 
2 6 


BNE CMP 
Relative | (IND), Y 
a" | 2 5° 


SBC 
(IND, X) 
2 6 


























PHP 
Implied 
13 


CLC 
Implied 
1 2 
PLP 
Implied 
14 
SEC 
Implied 
1 2 
PHA | 
implied 
13 


Cul 
Implied 
1 2 





SEI 
Implied 
12° 


DEY 
Imptied 
1 2 
TYA 
Implisd 
12 
TAY 
tmplied 
1 2 
CLV 
Implied 
12 
INY 
Implied 
1 2 
CLD 
Implied 
1 2 


INX 
Implied 





‘SED 
tmplied 











1 20 





implied 
1 2 


' TXS 


Implied 
1 2 


“TSX 
-| Implied 


1 2 


NOP 
Implied 


























*Add 1 to N if page boundary is crossed. 
“Add 1 to N if branch occurs to same page; 


BRK —OP 
reaee add 2 to N if branch occurs to different page. 


0 | implied | —Addressing Mode 
1 7 | —Instruction Bytes; Machine Cycles 
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APPENDIX B 
KEY REGISTER SUMMARY 














ra a 
ACCUMULATOR A 
7 Q 
INDEX REGISTERY =v 
7 Q 
[x J nvexecister xe x —— canny 0) © 
15 7 oO 
PCH | PCL } PROGRAM COUNTER PC ae pane 
7 0 = ¥ 
STACK POINTER s ZERO 21) 


7 i) 1 = Zero Result 
IN{v] [e fo]: {z[c] processor status Aes e 0 =Non-Zero Result 


INTERRUPT DISABLE (i) @) 





CPU Registers 


1 = IRQ Interrupt Disabled 
0 :. IRQ Interrupt Enabled 


DECIMAL MODE (BD) () 


1== Decimal Mode 
0 = Binary Made 


BREAK COMMAND (B) @ 


1= Break Command 
0 =Non Break Command 


aaa ne one Neem =e OVERFLOW (0) (D 


1 = Overflow Set 
O-= Overflow Clear 
NEGATIVE (N) @ 


NOTES 





















































8 Not initialized by RES. 1= Negative Value 
MCR Addr 0014 Set to Logic 1 by AES 0= Postive Value 
| Processor Status Register 
Counter B Mode Select, 
Mode Select 0 Q Inlervai Timer 
j @ ——1 Pulse Generation 
So eC EEE L>ELL] = 
1 1 Puise Width Meas. 
Buswode Sorc .) Q interval Timer eee = lita 
Dp ——1 Asymmetrle Pulse Generation 
1—— 0 Event Counter 
1— 1 Retriggerable Interval Timer IEA Addr 0012 
Port A Latch 
(t—Enable) PAD Positive 
L Port O Tri-State Edge Detect 
(0—Tri-State High Impedance Mode) PA1 Positive 
a Q Full Address Edge Detect 
0. 1 Normat PA2 Negative 
4——0 Abbr. Bus Edge Detect 
1 Mund Bus PA3 Negative 
A Edge Detect 
Mode Control Register L Counter A 
Underfiow Flag 
Counter B 
Underttow Flag 
RCV 
Flag 
L XMTR 
Flag 


Interrupt Enable and Flag Registers 


SCCR Addr 0015 


eee eS 


0~Odd Parity 
1~Even Parity 
[ 0 Parity Disable ACVR Data 






Addr 0016 





1 Parity Enable Reg Full 
Q-~8 Bits/Char ACVR Over-Run 
1~7 Bits/Char : j : 

Oo~6 Bits/Char Parity Error 
1-~ 5 Bits/Char 

0 ——0 XMTR & ACVR ASYN Mode 
0 ——1 XMTR ASYN, ACVA S/R 

1 —=X XMTR S/R, RCVA ASYN 


0 RCVR Dieable 





—_ = OO 


Frame Error 





L Wake-Up 








L End of Transmission 





1 ACVR Enable 
0 XMTR Disable 
1 XMTR Enable “ XMTR Under-Aun 


Serial Communications Control Register 3-213 . Serial Communications Status Register 


. XMTA Data Reg Empty 
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APPENDIXC —s©T 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 1/0 AND INTERNAL REGISTER ADDRESSES 


ADDRESS 
(HEX) 





Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Fiag 


Lower Counter A 


Upper Counter A 
Lower Counter A, CLR Flag 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Upper Latch B, Cntr B<Latch B, CLR Flag 
Upper Latch B, Latch C—Latch B 
Lower Latch B. 


Upper Latch A, Cntr AcLatch A, CLR Flag 
Upper Latch A 
Lower Latch A 


Serial Transmitter Data Register 

Serial Comm. Status Reg. Bits 4 & 5 only 
Seria} Comm. Control Register 

Mode Control Register 


Interrupt Enable Register 


Clear int Flag (Bits 0-3 only, Write 0's only) 


RESERVED 


These addresses are reserved and are used by the CPU during Read and Write 
operation over the external Data Bus (D0-D7). 
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C.2 FULL ADDRESS MODE 
MEMORY MAP 
R6511Q OR R6500/13 


IRQ VECTOR 
RES VECTOR 
NMI VECTOR 


USER PROGRAM 


INTEANAL 
REGISTEAS 


VO PORTS A, B,C, 0 





R6511Q Microprocessor and R6500/13 Microcomputer 


C.3 FULL ADDRESS MODE 
MEMORY MAP 
R6500/13 ONLY 






- -' RQ VECTOR 
(OPT RES VECTOR) 


‘NMI VECTOR. 


USER PROGRAM 





- RES VECTOR 


SOOT STRAP 
ROM (254) 


: USER PROGRAM 


INTEANAL RAM (192) 


0 & REGISTERS 


INTERNAL 
REGISTERS 





RESERVED 


VO PORTS A. B, C, D 









C.4. MULTIPLE FUNCTION PIN ASSIGNMENTS—PORT C AND PORT D 





















0010 





MULTIPLEXED PORT 























PIN FULL ADDAESS VO PORT: ABBREVIATED PORT 
NUMBER MODE FUNCTION FUNCTION FUNCTION 
54 -PCO PCO AO AO 
55 PC1 PCI Al Al 
56 PC2 PC2 A2 A2 
57 PC3 PCa A3 A3 
58 PCS PC4 Al2 A12 
59 PC5 PCS RW RAW 
60 A13 PCE A13 A13 
61 A14 PC7 EMS ‘EMS 
62 PDO Do Ad/DO. 
63 PD1 Dt. A5/D1 
64 PD2 02 AG/D2 
1 PD3 D3 A7/ID3 
2 -PD4 D4 Ag/D4 
3 PDS DS _ .A9/D5 
4 PD6 D6 A10/D6 
5 D7 





PD7 





A11/D7 


3215 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


cc 
vee 


Vi 


Operating Temperature 
Commercial 
industrial 


DC CHARACTERISTICS 
(Veo = 5V 5%; Van = Voci Vsg = 0; TA = 0 to 70°C) 


Parameter 





Power Dissipation (Outputs High) 
Commercial @ 0°C 
Industrial @ — 40° 


RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) 
Commercial @ 25°C 
Industrial @ 25°C 





Input High Voltage (Except XTLI and 92 in slave option) Vin 
Input High Voltage (XTLI and ¢2 in slave option) Vin 
Vit 


Input Low Voltage 


Input Leakage Current (RES, NMI) 
Via = Oto 5.0 Vde | 


Input Low Current PA, PB, PC, PD 
(Vi_ = 0.4 Vde) 


Output High Voltage (Except XTLO) 
(oap = -100 pAdc) 


Output Low Voltage 
(lLoaD = 1.6 mAdc) 


Input Capacitance 
Vin —9, Ta = 25°C, f = 1.0 MHz) 
XTLI, XTLO 
All Others 






























*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages; however, it is 
‘advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 





















VO Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, PCO-PC7 


Output Leakage Current 
Tri-State I/O's while in 


Output Capacitarice 
Tri-State /O's while in 
High Impedance State 
Vin OV, TA = 25°C, f = 1.0 MHz 











[symbol | Min | Typ | Mex | Unit | 
Pp 750(1) 1100 mW 
1200 

Vea | 30 | — | Yoo Vde 
" rire 
Tin +10.0 pAdc 
Iie -1.6 mAdc 
Vor | +24 , Voc Vde 
Cin pF 

50 

10 

11.5 KQ 
lout on ae £10 nAdc 
Court rs = 10 pF 








NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 


(1) at 25°C 
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E.1 GENERAL NOTES 
1. Voc = 5V £5%, 0°C < TA = 70°C 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


2. A valid Vee — RES sequence is required before proper 


operation is achieved, 


3. All timing reference levels are 0.8V and 2.0V, unless 


otherwise specified, 


4. All time units are nanoseconds, unless otherwise specified. 


5. All capacitive loading is 130pf maximum, except as noted 


below: 
PA, PB 
PC (I/O Modes Only) 


PC (ABB and Mux Mode) 
PC6, PC7 (Full Address Made) 


E.2 CLOCK TIMING 


Cycle Time 1000 
Teen XTLI Input Clock 
Pulse: Width 
_ | XTLO = VSS 
Tpwo2 Output Clock . Pulse 
Width at Minimum 
s Toye 
Ta, Te Output Clock Rise, 
Fall Time 


Tins Te Input Clock Rise, 
Fall Time 


XTLI 


(XTLO = V;<) 


50pf maximum 
50pf maximum 
130pf maximum 
130pf maximum 


6. Example of External Chip Select (Multiplexed Bus) 
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3800-3FFF 
3000-37FF 
2800-2FFF 
G1 74.5138 ——— 2000-27FF 
1800-1FFF 
1000-17FF 
0800-OFFF 


0100-07FF 





Note that both EMS and Phase 2 (¢.) must be used to correctly 
enable the chip selects in the multiplexed or abbreviated bus modes. 
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E.3 ABBREVIATED MODE TIMING—PC AND PD 


(MCR 5 = 1, MCR6 = 0,MCR7 = 1) 





































1 MHz 2 MHz 
PARAMETER : 
MIN | MAX | MIN | MAX 
(PC5) R/W Setup Time _ 225 _ 140 





(PCO-PC4, PC6) Address Setup Time 
(PD) Data Setup Time 

(PD) Data Read Hold Time 

(PD) Data Write Hold Time 

(PD) Data Output Delay 

(PCO-PC4, PC6) Address Hold Time 

(PC5) RW Hold Time 
(PC7) EMS Hold Time 
(PC7) EMS Stabilization Time 


= 200 = 






































































EMS Setup Time 





E.3.1 Abbreviated Mode Timing Diagram 


Us 
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E.4 MULTIPLEXED MODE TIMING—PC AND PD> 





(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 












SYMBOL PARAMETER 








(PCS) R/W Setup Time 

(PCO-PC4, PC6) Address Setup Time 
|p) Address Setup Time 

(PD) Data Setup Time 

(PD) Data Read Hold Time 

" (PD) Data Write Hold Time 

(PO) Data Output Delay. 

(PCO-PC4, PC6) Address Hold Time 
(PD) Address Hold Time 

(PCS) R/W Hold Time 

















































































(PC7) Address to EMS Delay Time 
(PC7).EMS Stabilization Time 



















EMS Setup Time 
NOTE 1: Values assume PCO-PC4, PC6 and PC7 have the same capacitive load. 








E.4.1 Multiplex Mode Timing Diagram 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL 1/O TIMING 
























































; “aMH2 |) 2MHz~ 
SYMBOL PARAMETER “ 
MIN | MAX.| MIN | MAX 
| Internal Write to Peripheral Data Valid 
Trow! PA, PB, PC TTL _ §00 _ 500 
Temos'”? PA, PB, PC CMOS _ 1000 — 1000 
Teoow PD _ 175 _ | 150 
Peripheral Data Setup Time 
Tepsu PA, PB, PC 200 _ 200 _— 
Trecu PD so| —. | 5o| — | 
arn itee eenithes ss se 
; |Peripheral Data Hold Time 7 . 
Tran PA, PB, PC 75) — 75 | — 
“| Tena pre i 10 | — | 10] = 
Teow __[PAO-PAS Edge Detect Pulse Width | Tove | = Tees 
pik . pfheeSee th 7 mt 
Counters A and B 
Torw PA4, PAS Input Pulse Width Tere | — | Tere $ — 
Teo"! PA4, PAS Output Delay = 500 _ 500 
tee e = -L ao Jhigs | 
Port B Latch Mode { 
Trew PAO Strobe Pulse Width Tere | — | Toe | — 
Teisu PB Data Setup Time 175 - 150 _— 
T, PB Data Hold Time 30 _ 30 = 
Ears amy vo be: = a 
Serial 1/0 : 
Tow!” PAG XMTR TTL _ 500 — .| 500. 
Temos' PA6 XMTR CMOS _ 1000 | — 1000 
Topw PA4 ACVR S/R Clock Width : 4Teve} — [4 Tee] — 
Trow? PA4 XMTR Clock—S/A Mode (TTL) _ 500 _ S00 
Temos'” PA4 XMTR Clack—S/R Mode (CMOS); — 1000 | — 1000 











NOTE 1: Maximum Load Capacitarice: 50pF 
Passive Pull-Up Required 


E.5.1 1/0, Edge Detect, Counter, and Serial t/O Timing 
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PAO-PA7 
PBO-PB7 
PCO-PC7 

_PDO-PD7 


EDGE DETECTS 
(PAO-PA3) 








CNTR 
PA4, PAS 


CNTR 
- (PA4, PAS) 





PDO-PD7 


; 3 TCMOS = 
PAO-PA7 ees 
PCO-PC7 . 

PBO-PB7 





PB 
(LATCH MODE) 


pao STROBE 
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A0-A12, A15, SYNC, R/W) 


R/W Setup Time 


Tans A0-A12, A15 Setup 
Time 


E.6 MICROPROCESSOR TIMING (D0-D7, 

















aan 
ie 
Tew |0-07 baa Soup Tine | 3 | —_ 
Taq [00-07 Ress Hos Tine [10 | — 
2 Pe f= 
= 
20] 


DO-D7. Write. Hold Time 





Delay 
SYNC Setup 
Tao law roe | a0 | = [a | — 


Tact External Mernory Access 
Time Tace = Teyo—Tr— . 
Taos Tosu 


[Tom [SYNC Hold Time | 90 | — | 30 | — | 


E.6.1 Microprocessor Timing Diagram 
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" 6500/41 e R6500/42 


R6500/41 AND R6500/42 
ONE-CHIP INTELLIGENT 





Rockwell 


PERIPHERAL CONTROLLERS 


SECTION 1 
INTRODUCTION 


1.1 FEATURES 


e Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 
Asynchronous Host interface that allows independent clock 
operation 
Input, Output and Status Registers for CPU/Host data transfer 
Status register for CPU/Host data transfer operations 
Interrupt ‘or Polled data interchange with Host 
Enhanced 6502 CPU 
—Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset. Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
—13 addressing modes 
—True indexing 
1536-byte mask-programmable ROM 
64-byte static RAM 
23 TTL-compatible I/O lines (R6500/41 only) 
47 TTL-compatible I/O lines (R6500/42 only) 
A 16-bit programmable counter/timer, with latch 
—Pulse width measurement 
— Pulse generation 
— Interval timer 
— Event counter 
Seven interrupts 
—Two edge-sensitive lines; one positive, one negative 
—Reset 
—Counter Underflow 
—Host data received 
—Output Data Register full 
—Input Data Register empty 
Multiplexed bus expandable to 4K bytes of external memory 
Unmultiplexed bus for Peripheral /O expansion 


e 68% of the instructions are executed in fess than 2us @ 
2 MHz i 


NMOS$°-3 silicon gate, depletion load technology. 
Single +5V power supply . 
40-pin DIP (R6500/41 only) 

64-pin QUIP (R6500/42 only) 


NOTE 


This. document describes both the R6500/41 and 
R6500/42. In the text, the terms IPC or device will be used 
when describing both parts. The few diflerences will be 
described in the text using the terms R6500/41 or R6500/ 
42. 


1.2 SUMMARY 


The Rockwell AG500/41 and R6500/42 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface //O devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. The one-chip 
R6500/41 IPC has an enhanced R6502 CPU, 1.5K by 8-bit 
ROM, 64 by 8-bit RAM, three I/O ports with multiplexed special 
functions, and a multi-function timer all contained within a 40- 
pin package. 


For systems requiring additional //O ports, the device is- also 
avallable in a 64-pin QUIP version, R6500/42, that provides 
three additional 8-bit ports. In both versions, special interface 
registers allow these IPC devices to function as peripheral con- 
trollers for the 6500, 6800, 280, 8080, and other 8-bit or 16-bit 
host microcomputer systems. 


The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 


‘putational power. These features make the device a leading 


candidate for IPC computer applications. 


To facilitate system and program development for the device 
Rockwell has developed the R6541Q which can be used as an 
Emulator. A description of the R6541Q is contained in the 
R6541Q Product Description (Document Order No. 2136). 





Document No. 29651N38 


Product Description Order No. 2135 
Rev. 3, March 1984 


R6500/41 and R6500/42 


Rockwell supports development of the R6500/41 and R6500/ 
42 with the System 65 Microcomputer Development System 
and the R6500/ * Family of Personality Modules. Complete 
in-circuit emulation with the R6500/ * Family of Personality 
Modules allows total system test and evaluation. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Order Number 201). A description of the instruction capa- 
bilities of the R6502 CPU is contained in the R6500 Micro- 
computer System Programming Manual (Order Number 202). 
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1.3 MASK OPTIONS 


The R6500/41 has provision for internal pull-up resistors on 
PA and PC ports as a mask option. This option is available 
for port groups only, not for individual port lines. 


The R6500/42 has provision for pull-up resistors on PA, PC, 
PF, and PG ports as a mask option. This option is available 
for port groups only, not for individual port lines. 
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SECTION 2 | 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 
gram for the devices. Figures 2-2 and 2-4 show the pin out 
configurations and Table 2-1 describes the function of each 


CLK CIRCUIT 


INT LOGIC 


RS (AO) 
E (AD) 
RIW (WR) 


64 BYTES RAM 


CONTROL REG 


HB0-H87 tNPUT DATA 


Renal 
a - 


PGO-PG7 


“MULTIFUNCTION PINS 


Figure 2-1. 





pin of the devices. Figures 2-3 and 2-5 show the mechanical 
dimensions of the devices. Section 5 describes the Host 
computer interface protocol and timing requirements. 


R6500/41 
EOGE DETECT 


PAQ-PA7 
(PAO-PED) 
(PA1-NED) 
(PA2-CNTR) 


STATUS REG. 


PBO-PB7 
(D0 ~~ D7, TRISTATE)" 


PCO-PC6 


CY (a0, At, AR, AS, 


EMS, R/W, INT)" 


16 BIT 
COUNTER/LATCH 


OUTPUT DATA 
REG 


PEO-PE7 
Darlington Output Only 


(> pro-rer 


Interface Diagram 


3-224 





R6500/41 and R6500/42 ___One-Chip Intelligent Peripheral Controllers 


<e- 


(7.87 ay 


0310 Max 


0.180 MAX 
(4.02 MM) 


DOT OR NOTCH 0.186 MAX 
TO LOCATE (2.03 Mi) 0.010 MIN 


— 1 1 cos (0.26 MMs) 


Interface Diagram 


1p EQUAL SPACES 
0.100 < TOL WONCUM. 
(2.54 MM) 





1.910 
' 1690 
—— ir 
_Y r | rs 4 
| 6.300 MAK TYP, TYP. 
(78.24 be) (1.65 Mi) 0.065 (0.55 MM) 0.022 


(1.01 Mit) 0.040 = (0.45 WM) O.O18 








0.600 TYP 
oe wn) 





Figure 2.2 R6500/41 Pin Out Designation 
(40 PIN DIP) 


Interface Diagram 


1.628 
(41.35 MM) 








S23vdS Twn te 








| = =| 
| r 


64 PIN OUIF 








Figure 2-4. R6500/42 Pin Out Designation Figure 2-5. R6500/42 Dimensional Outline 
(64 PIN QUIP) 
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Table 2-1. Pin a TT an 


SIGNAL NAME [-——PINNO.__ Res00/42 DESCRIPTION | SIGNAL Name [——PINNO._| Res500/411 RES00/42 DESCRIPTION 


Symmetrical square wave PAD-PA7 8 Et I/O port used for either 
100 KHz to 2 MHZ, TTL com- input or output. Each line 
patible input. consists of an active transis- 
tor to Vss and an optional 
passive pull-up to Vcc. The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. PA2 is time shared with 
the 16 bit Counter Input or 
output pin, CNTR, and is 
mode selected. 


8 bit I/O port used for either 
input or outpuil. Each line 
consists of an active transis- 
tor to Vss and an active pull- 
up to Vcc. This port becomes 
a tri-state data bus, 00-D7, 
in the Abbreviated or Multi- 
plexed Bus Mode. DO-D7 are 
multiplexed with address lines 
A4-A41. in the Multiplexed 
Bus Mode. 


7 bit /O port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vs, and an optional 
passive pull-up to Vcc. The 
pins PCO to PC5 are mul- 
tiplexed with address and 
control signals for use in 
abbreviated and multiplex 

modes. PC6 is. multiplexed 

with INT and is program se- 

lectable. In these two modes — 
PCO-PCS have active pull- 

ups. 














































Output timing signal—This is 
an internally synchronized 
1 x clock output suitable for 
external memory or pefi- 
pheral interfacing. 

















The reset input is used to ini- 
tialize the device. Section 7 
describes the process and 
conditions of the RES 
procedure. 















PBO-PB7 









Power supply input (+ 5V) 





Signal and power ground 
{OV). 


Chip select pin. 






















cs 
RS (AQ) 












Register select input pin used 
by the Host processor to in- 
dicate that information being 
written into the IPC is a data 
or command byte or to indi- 
cate that information being 
read from the IPC is a status 
or data byte. 






PCO-PC6 













E (AD) Host timing control signal tor 


data register write and read. 















RW (WR) Host timing control signal for 


data register write and read. 
















HB0-HB7 Data bus between Host and 
IPC data input and output 


registers. 




























PEO-PE7 
PFO-PF7 
PGO-PG7 


For the R6500/42, the 64 pin 
QUIP version, three addi- 
tional ports (24 lines) are 
provided. Each line consists 
of an active transistor to V5. 
PFO-PF7 and PGO-PG7 are 
bidirectional, and an optional 
passive pull-up to Vc, is pro- 
vided. PEQ-PE7 is outputs 
only with an active pullup. All 
ports will source 100 amps. 
at 2.4v except port E (PEO- 
PE7) which will source 1 ma. 
j_ at 1.5v. 
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This section provides a functional description of the IPC de- 
vice. Functionally, the device consists of a CPU, both 
ROM and RAM memories, three parallel I/O ports (six in the 
64-pin R6500/42), counter/latch circuit, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit: A block 
diagram of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 16-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. 


3.1.1 Accumulator 
-The accurnulator is a general: purpose &-bit register that 


stores the results of most arithmetic and logic aperations. In. 


addition, the’ accumulator usually contains one of the two 
‘data words used in these operations. 


3.1.2 Index Registers 
: There are two 8-bit index registers, X and Y. Each index reg- 
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SECTION 3 
SYSTEM ARCHITECTURE 


‘ ister can be used as a base.to modify the address data pro- .. 


» gram counter and thus obtain a new address—the ‘sum. of © 
the. program counter contents and the index register conterits.. 


When executing an instruction which specifies indirect ad- 
dressing, the CPU fetches the op code and the address, and 
modifies the address from memory by adding the indax reg- 
ister to it Prior to loading or storing the Value of memory. 


Indexing greatly ‘simptifies many types of programs, ‘espe- 
cially those using: data tables. 


3.1 3 Stack Pointer 


The Stack Pointer is an 8-bit register. [t is automatically in- 
cremented and decremented under control of the micropro- 
cessor to perform stack manipulation in response to either 
uSer instructions, o¢ an internal iRQ interrupt. The Stack 
Pointer must be: initialized by: the user program. 


The stack allows simple iaplementauign of multiple level i in- 
terrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc-. 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The. address of a memory 
location is stored (or "pushed’) onto the stack. Each. time 
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data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled”) from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the’ 

Pointer. 


The stack is located on zero page, i.e., memory locations 
007F-0040. Normal usage calls for the initialization of the » 
Stack Pointer at 007F. 


3.1.4 Arithmetic and Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 


‘for more than one cycle. If data are placed on the inputs to 


the ALU at the beginning of-a cycle, the result is always gated 
tnto one of the storage registers or to external memory during 
the next cycle. , 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 


‘the data on the. two inputs. 


' 3.1.5 Program Counter 


The 16-bit Programm Counter provides the addresses that are 
used to step the processor through sequential instructions 


in a ‘program. Each time the processor fetches an instruction. 


from program memory, the. lower (least significant) byte of 
the Program Counter (PCL) is placed. on the low-order bits 


“of the Address Bus and the higher (most significant) byte of 


the: Program Counter (PCH) is placed on the high- -order 8 
bits of the Address Bus. The Counter is incremented each. 


time an instruction or data is fetched from program memory. 


3.1 6 Instruction Register and |nstruction Decode 


Instructions are. fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 


-Instruction Register then decoded along with timing and in- 
‘terrupt signals to enelae control. signals for the various 
° registers. 


3. 1.7 Timing Control 


The Timing Control Logic keeps track of the specitic instruc- 
tion cycle being executed. This logic is initialized each time 


an instruction fetch is executed and is advanced at the be- 


ginning of each low level of the Clock In.pulse for as many 
cycles as are required to complete: the instruction. Each data 
transfer which takes place between the registers is caused 
by decoding the contents of both the instruction register and 
timing control unit. 
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R6500/41 and R6500/42. : 
3.1.8 Interrupt Logic 
Interrupt logic. controls the sequencing of two interrupts: RES 
and IRQ. iRQ is generated by any one of four, conditions: 


Counter Overflow, Positive Edge Detect, Negative Edge De- 
tect, and epee Data Register Full. 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In or- 
der for these instructions to be equally applicable to any I/O 
ports, with or without mixed input and output functions, the 
/O: ports "have been designed to read the contents: of the 
specified port data register during the Read cycle of the-read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 

“in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. | , 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to “1” one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
‘dress (00-FF) of the byte or I/O port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except ; a reset to "0" of the bit results. 


3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
‘immediate field within the first byte of the instruction. The 


second byte is used to designate the address of the byte to 


be tested within the. zero page address range ‘(memory or 
VO ports). The third byte of the instrction is used to specify 
the 8 bit relative address to which the ‘instruction branches 
if the bit tested is a “1”. If the bit tested is not set, the next 
sequentia! instruction is executed, 


3.2.4 Branch On. Bit Reset Relative (eer m, 
Addr, DEST) — : 


This instruction is the same operation and cubats as the BBS 
instruction except that a branch. takes placé if the bit tested 
is a "0". oie 


3.3 READ-ONLY-MEMORY (ROM) . 
The ROM consists of 1536 bytes (1.5K) mask programmable 
_memory with an address space from: FAQO to FFFF: ROM 


‘locations FFFC through FFFF are assigned for interrupt and 
reset vectors. 


3.4 RANDOM ACCESS MEMORY (RAM) 
The RAM consists of 64 bytes of tead/write. memory with an 
~agsigned page.zero address, of 0040 through 007F-.. 
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3.5 SYSTEM CLOCK 


The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is, also made available for any external device synchroniza- 
tion at pin 92. 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- . 
tifunction /O ports.and mode select bits for the Counter, the 


_ 6500 or 8080 Bus Select, and the Interrupt (INT). Its setting. 


determines the basic configuration of the device in any ap- 
plication. . Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 

The use of Counter A Mode Select is shown in Section 6. 


The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4.4 and 
45. . . 


ADDR cota 


COUNTER 
SELECT MODE 


eusmone {| : | 
SELECT = ih A. 


. C) 0 INTERVAL TIMER . 
‘aus SELECT a 0 1 PULSE GENERATOR 
0 = 6500/6800 BUS «* 1 0 EVENT COUNTER | 
4 = ze0/8080 BUS 1 1 PULSE WIDTH 
MEASUREMENT 

INT. SELECT 

O = PCE . 

Ts NT 

hy 


_D PORT B ALL INPUTS” 
1. PORT GB. ALL QUTPUTS - 
ABBREVIATED BUS MODE 
_MULTIPLEXED BUS: MODE 


~ Figure = ‘Mode. Control Register Bit Allocations. 
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ADDR 0012 





ADDR 0011 





_ PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


PAI NEGATIVE 
&DGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST. IRO ENABLE 













EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 

EXTERNAL INTERRUPT REQUEST 2, 

INT-2 ENABLE 

COUNTER UNDERFLOW 

INTERRUPT ENABLE 
















Interrupt Enable and Flag Registers 


“Figure 3-3. 


Table 3-1. Interrupt Enable Signals 


Positive Edge Detect, Interrupt Enabie— 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRQ and set 
the corresponding flag bit. 



































Negative Edge Detect Interrupt Enable— 
when this bit is set to a "1" a negative 
going signal-on PA1 will generate an IRQ 
and set the corresponding flag bit. 


Input Data Register Full Interrupt Ena- 
ble—setting this bit to a “t” allows an 
IRQ to be generated each time the Host 
fills the [DR setting the IOFR bit. 


Output Data Register Full Interrupt Ena- 
ble—when this bit is an interrupt request 
to the Host is generated each time the 
ODRF flag is set to a "1”..(See External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODAF flags. 


Input Data Register Empty Interrupt.En- 
able—when this is set to a “1” an inter- 
tupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 


Counter Interrupt Enable—if enabled, an 
TRO is generated whenever the Counter 
overflows. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT. ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting ‘conditions have been 
serviced and cleared. 


The interrupt Flag Register contains the information that .in- 
dicates which I/O or counter. needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a. RMB instruction at address location 
0010. The AMB X, (0010) instruction reads FF, modifies bit 
X to a0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1” after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and .7 are indeterminate on a 
Read. 


Each. IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a1” by writing a “1” in. the re- 
spective bit position at location 0012. Andividual, JER bits may 
be cleared by writing a “O” in the respective bit position, or 
by RES. If set to a “1”, an IRQ will be. generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
HosvDevice interface). 


OUTPUT DATA REGISTER (ODR) FULL 


When IER 3 of the Interrupt Enable Register is set to a1’, 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODFAF flag of the Status Flag Register and the 
IFR 3 of the JFR will be set to a’”1” indicating the ODR is full. 
The ODRF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 


INPUT DATA REGISTER (IDR) EMPTY 


When IER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IOR. The IDAF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a “1” 
indicating the IDR has as just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in. Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others: may be controlled both 
by the user's program and the.CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry oc- 
curred as the resuit of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, GPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
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zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
GMP, CPX, CPY, DEC, DEX, DEY, EOR, iNC,.INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (!) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit Is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signai will be ignored. The CPU _will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES) or Non-Maskable 
interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI} and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 


‘from interrupt (RTI) and:Pull Processor Status (PLP) instruc- 


tions will also affect the 1 bit. 


7 6 56 4 3 2 14 «0 


NOTES 
(1) Net initialized by RES 
(2) Set to Logic 1 by RES 





CARRY (C) (1) 


1 = Carry Set 
0 = Carry Clear 


Zero (2) (1) 

ero Result 

ion-Zero Result 
INTERRUPT DISABLE (I) (2) 
1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 
DECIMAL MODE (D) (1) 
1 = Decimal Mode 
0 = Binary Mode 
BREAK COMMAND (B) (1) 
1 = Break Command 
0 = Non-Break Command 
OVERFLOW (0) (1) 
1 = Overflow Set 
0 = Overflow Clear 
NEGATIVE (N) (1) 


1 = Negative Value 
0 = Positive Value 


Figure 3-4. Processor Status Register 





R6500/41 and R6500/42 


3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction. will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by © 
the user program or erroneous results may occur. — 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit- will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overfiow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n = 127). 
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This indicator only has meaning when signed arithmetic (sign 
and.seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or — 128; otherwise the bit is cleared 
to logic 0. The V bit may aiso be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting: value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LOX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS. 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there are no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program:controt with seven other signals, Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal! is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a‘data bus during extended addressing modes. 


The R6500/42, a 64 pin QUIP device, has three additional 
ports: PE, PF, and PG. PE is outputs only. PF and PG are 
bidirectional. 


Internal pull-up resistors (FET’s with an impedance range of 
3K < Rpu < 12K ohm) may be provided on ports PA and 
PC and ports PF & PG (R6500/42 only), as a mask option. 


The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the 1/O ports, which simplifies /O handling. The 
I/O addresses are shown in Table 4-1. Section E.6 shows 
the I/O Port Timing. 


Table 4-1. I/O Port Addresses 


PORT ADDRESS 






} R6§00/42 only 


4.1 INPUTS 


Inputs for Ports A and C, and also Ports F and G of the 
R6500/42, are enabled by loading logic 1 into all /O port reg- 
ister bit positions that are to correspond to I/O input lines. A 


low (<0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all /O port registers to logic 1 thus initially treating all 1/O 
lines as inputs. 


Port B may be all inputs or atl outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to a “0”. 


The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the '/O port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, and also PF, & PG of the R6500/ 
42. During the Read cycle of a Read/Madify/Write instruction 
the Port I/O register is read. For all other read instructions 
the port input lines are read. Read/Modify/Write instructions 
are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, and 
SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru C, and Ports E thru G of the R6500/ 
42, are controlled by writing the desired I/O line output states 
into the corresponding I/O port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic 0 will force 
a low (<0.4V) output. Port B also requires that MCR6 be set 
to a1” and MCR7 be set to a “0". , 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register © 
(MCR) as a standard parallel 8-bit, bit independent, (/O port, 
or a counter 1/O line. Table 4-2 tabulates the control and 
usage of Port A. . 


{n addition to their normal 1/O functions, PAO can detect pos- 
itive going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
Status bit in the FR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge can be detected is one-half the 92 clock rate. 
Edge detection timing is shown in Section E.5. 


Table 4-2. Port A Control & Usage 


PA2 /0 


wane [PE 


Pao(t) | 10 
PA1(2) 0 
















SIGNAL 


oe 












MCRO = 1 
MCRI = 0 


Twa [vee [nan 


CNTR | OUTPUT 





PA2 COUNTER PA3-PA7 VO 


SIGNAL 











SIGNAL 










= 
< 
a] 
m 


CNTR INPUT (3) _ 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 
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4.4 PORT B (PB) 


Port B can be programmed as an I/O Port, an. 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and MCR7 to 0 (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits DO-D7. When Port B 
is selected to operate in the Multiptexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A11, respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 


4.5 PORT C (PC) 


Port C can be programmed as an I/O port and in conjunction 
with Port B,.as an abbreviated bus, or as a multiplexed bus. 
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When used in the abbreviated or multiplexed bus modes, 
PCO-PC5 function as A0-A3, R/W, and EMS, respectively, 
as shown in Table 4-4, EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OFFF. (See Memory Map, 
Appendix C). The leading edge of EMS may be: used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. , 


4.6 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/42 ONLY 


Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional I/O ports. They have standard out- 
put capability. See Appendix E.3 through E.5 for Port E, F 
& Port G timing. “es 


Table 4-3. Port B Control & Usage 






MCR7 = 0 MCA7 = 0 
MCR6 = 0 MCR6E = 1 


SIGNAL 






ABBREVIATED _ 
MODE MULTIPLEXED MODE 
MCR7 = 1 
MCR6 = 0 


; i a [NAME | TeE@ | Wane | TREC) 


OUTPUT 















OUTPUT 
OUTPUT 
OUTPUT 
QUTPUT 
OUTPUT 
OUTPUT 
‘OUTPUT 











(1) TRISTATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TAL-STATE BUFFER [S IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 


‘ ABBREVIATED MULTIPLEXED 
VO MODE MODE MODE 
MCR7 = 0 MCR7 = 1 MCR7 = 1 
MCRE = X MCRE = 0 ‘MCRGE = 1 ; 


TYPE TYPE 
(2) (2) 


Table 4-4. Port C Control! & Usage 











































OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 





OUTPUT OUTPUT 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN *PC6 if MCRS = 0; INT if MCRS = 1 


(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 
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Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Table 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is available to contro! data traffic between the CPU and 
Host. 


Table 5-1. 


Host Addressing Matrix 


WRITE 
HOST COMMAND 
1 STATUS FLAG INPUT 


DATA REG 
OUTPUT 





DATA REG 
INPUT 


5.1 DATA REGISTERS 


The device has an 8-bit Input Data Register.(IDR) and an 
8-bit Output Data Register (ODR). The 1DR serves as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 


e CS is asserted 
e RS (AO) indicates command input or data input. 


The contents of the host data bus (HBO-HB7) are copied. 


into the IDR when the appropriate Host bus write signals 
are asserted. 


The ODR serves as a temporary storage for data from the 
device to the Host. When the Host is reading data from the 
device, the following conditions are in effect: 


CS is asserted 

e RS (AO) input selects ODR or HSFR 

e The contents of ODR or the Flag Register are placed on 
the host data bus (HBO-HB7) when the appropriate Host 
read signals are asserted. 


5.2 HOST STATUS FLAG REGISTER 


A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the host computer and the device. 


The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-1. General purpose fiags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 


Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 
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host write data exchange. The device can write to the F1 flag 
at any time. 


The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODPF sets the device Interrupt Status Register IFR3 flag. 
An Output Interrupt (INT) may be generated under program 
contro! by setting 1ER3 in the interrupt enable register. The 
ODRF flag is reset only by a hardware reset or by. the host 
performing a read on the output data register. The ODRAF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of the 
IFR3 flag and thus the reset of the external interrupt (INT). 


The IDRF (Input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may be generated under program con- 
trol by setting IER2 in the interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. iIFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting. IER4 in the interrupt’ enable 
register. 


The Host Status Flag Register is cleared by the RES input. 


HOST STATUS FLAG REGISTER 


INPUT DATA 
REGISTER 
FULL FLAG 


OUTPUT DATA 
REGISTER 
FULL FLAG 


COPIES RS ON 
_-) WRITE FROM HOST 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 


Figure 5-1. Host Status Flag Register Bit Allocation 


5.3 HOST COMPUTER INTERFACE 


The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by MCR4, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
tate. The device clock input frequency need not be the same 
as the Host's. A mode control register is set to match the 
interface to that of the Host device as follows: — 








R6500/41 and R6500/42__ 


‘MCR4 = 0 When MCAR4 is set to a logic zero, the IPC is 


configured to operate on a 6502/6800 type host bus. Jn 
this mode, the E input is connected to the host transfer 
strobe (VMA or 02 for 6800, 02 for 6500) and the R/W 
input is connected to the host microprocessor R/W output 
line. Figure 5-3 and Table 5-2, together, specify the rel- 
evant timing for read and write cycles on this type of host 
bus. 


Table 5-2. Host Intertace 
Timing Characteristics BSEL =0 (6500). 


CHARACTERISTICS 






| 1 AND 2 Mlz 


. Access Time : 
Write Stroke Width. |. 
“NOTE: - 2 


90 ns when loading = 130 pf + 1.TTL LOAD and 
‘75 ns when loading = 90 pf + 1 TTL LOAD. 
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MCR4 =1 When MCR4 is set to a logic one, the IPC is 
* configured for operation on an 8080/Z80 type bus. In this 
~” mode, the RD input is used as a read strobe and the WR 

input is connected to the write strobe of the host micro- 
processor bus. Figure 5-4 and Table 5-3 show the rele- 
vant timing characteristics for this mode of operation. 


Table 5-3. Host interface — 
Timing Characteristics BSEL = 1 (6080) 


‘CHARACTERISTICS 
1 AND 2 MH 


CS, AO Setup Time : 
Data Access Time on Read 














SYMBOL MIN 








_ MAX. 

: Peed 

=e ee ee 

[ow vote | me | wo | =| 

ai 

wie OuaSouo Tine | me | 78 | =| 
vite Dwar Tre [tow 
eed) 


Write Stroke Width 


75 
ae 
*NOTE: , 


90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 





LULL Rs 





Figure 5-4. Timing Diagram—Host Interface (MCR4 = 1) (8080 Version) 
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SECTION 6 
COUNTER/TIMERS 


The device contains a 16-bit counter and a 16-bit latch. as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


Counter 


Pulse-width measurement 
Pulse Generation 

tnterval Timer 

Event Counter 


Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, PA2 is selected for Counter I/O. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit tatch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either $2 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at tocation 
001A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFRS5). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to “1”. This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address location 0019, 
or by RES. 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
ee 


MCRO 
(bit ” 


Mode 


Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 














The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are: 2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signai is generated. 


6.1.1 Interval Timer Mode 


In the Interval Timer mode the Counter is initialized to the 
Latch vatue by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 


The Counter vaiue is decremented by one count at the #2 
clock rate. The 16-bit Counter can hold from 1 to 65535 


-counts. The Counter Timer capacity is therefore 1:8 to 65.535 


ms at the 1 MHz $2 clock rate or.0.548 to 32.767 ms at the 
2 MHz 92 clock rate..Time intervals greater than the maxi- 
mum Counter value can be easily measured by counting |RQ 
interrupt requests in the counter IRQ interrupt routine. 


When the. Counter decrements from 0000, the Counter Un- 
derflow (IFRS) is set to logic 1. If the Counter Interrupt Enable 
Bit (IERS5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underfiow bit in the Interrupt Flag Reg- 
ister can be examined in the IRQ interrupt routine to deter- 
mine that-the IRQ was generated by the Counter Undertlow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA i/O. 


A timing diagram of the Interval Timer Mode is shown in Fig- 
‘ure 6-1. 


COUNTER UNDERFLOW 





(UL.LLY | (UL, LL) -1 


COUNTER INTERRUPT ENABLED f | 


SET ANY TIME BEFORE 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW| | 
1G. | 











Figure 6-1. Interval Timer Timing Diagram 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2 line operates as a- 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter. Underflow occurs, or a write 
is performed to address 0019... 


The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
{atch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode PA2 is used as an Event input line, and. the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the f2 clock rate. 


The Counter can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, the Counter Underiow! bit 
(IERS) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 
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6.1.4 Pulse Width Measurement Mode 


. ‘This mode allows the accurate méasurement of a low pulse 
“duration on the PA2 line. The Counter decrements by one 


count at the $2 clock rate as long as the PA2 line is held in 
the low state. The Counter is stopped when PA2 is in the 
high state. . 


The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as-the PA2 pin is held iow. After the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high, Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of PA2. 
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SECTION 7 | 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of VCC power to the device, RES must be 
held low for at least eight stable p2 clock cycles after Vcc 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clack stabilization time is typically 20ms. 


MWS UU UU UU 


|= Clock Susbitieation Time a 


|-— 6 2 Clock Cycles Mir sas 
fs — =, 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit—bit 2 of the Processor 
Status Register—and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of-the 
/O ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 


7.3 RESET (RES) CONDITIONS 


When RES is driven from low to high the device is put in a 
reset state causing the régisters and I/O ports to be set as 
shown in Table 7-1. 





3-239 


Table 7-1. 





RES Initialization of I/O Ports and Reglsters 
BIT.NO. ———- | 7 6 5 4 3 2 


REGISTERS 
Processor Status 
Mode Control (MCR) — 
Int. Enable (IER) 
Int. Flag (1FR) 
Host Status Fiag 

., Input: Data 


Output Data 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PE Latch 
PF Latch } 


PG Latch 


R6500/42 
only 


Alt RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES” 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine. should be executed to perform (as a minimum) the. 
following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

Set up Mode Controls and Counter as required 
. Clear Interrupts. 


ne on = 


A typical initialization. routine could be as follows: 


LDX Load stack pointer starting address into 
X Register 

TXS Transfer X Register value to Stack Pointer 

CLD Clear Decimal Mode 

SEC Set Carry Flag 
Set-up Mode Control, 
Counter, special function 

Pe estad registers and Clear RAM as required 

CLI Clear Interrupts 








R6500/41 and R6500/42 . .One-Chip Intelligent Peripheral Controllers 


APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction The four instructions notated with a * are added instructions for 
set. For detailed information, consult the R6502 Microcomputer the IPC devices which enhance the standard 6502 instruction 


‘System Programming Manual, Document 29650 N30. set. 


A.1 INSTRUCTION SET IN SEEAeEne 
“SEQUENCE 
INSTRUCTION 


Add Memory to Accumulator with Carry Load Accumulator with Memory 
"AND" Memory with Accumulator — Load Index X with Memory 
Shift Left One Bit (Memory or Accumulator) Load Index Y with Memory 
Shift One Bit Right (Memory or 
Accumulator) 
Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry Clear | No Operation 
Branch on Carry Set’ 
Branch on Result Zero 
Test Bits in Memory with Accumulator "OR" Memory with Accumulator 
Branch on Result Minus 
Branch on Result not Zero 
Branch on Result Plus Push Accumulator on Stack 
Force Break. Push Processor Status on Stack 
Branch on Overflow Clear Pull Accumulator from Stack 
Branch on Overflow Set Pull Processor Status from Stack 


Clear Cary Flag , Reset Memory Bit 

Clear Decimal Mode , Rotate One Bit Left (Memory or 
Clear Interrupt Disable Bit. Accumulator) 

Clear Overflow Flag -{ Rotate One Bit Right (Memory or 
Compare Memory and Accumulator Accumulator) 

Compare Memory and Index X Return from Interrupt 

Compare Memory and Index Y Return from Subroutine 


Decrement Memory by One Subtract Memory from Accumulator with 
Decrement Index X by One Borrow 
Decrement Index Y by One Set Carry Flag 
, Set Decimal Mode 
Set Interrupt Disable Status 
*Exclusive-Or’ Memory with Set Memory Bit 
Accumulator Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 
Increment Memory by One 
Increment Index X by One 
Increment Index Y by One | Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Jump to New Location Transfer Index X to Accumulator 
Jump to New Location Saving Return Transfer Index X to Stack Register 
Address Transfer Index Y to Accumulator 
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R65C00/41 and R6500/42 
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R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
A.3 INSTRUCTION CODE MATRIX 


0 
BRK | —OP Code 
0 | Implied | —Addressing Mode 
1 7 | —Instruction Bytes; Machine Cycles 
Li 
Q 1 2 3 4 5 6 7 9 A B Cc D E F 


=f i) : 8 
g BRK ORA PHP |. 
0 | Implied | (IND, x) Implied 
17 2.6 " 193 
ORA CLC 
1 (IND), Y : Implied } 
a 2 5° : 1 2 : 
| JSR} AND PLP 
2 | Absolute! (IND, X} Implied 2 
36/26 14 Pate 
AND SEC 
3 | Relative| (IND, Y) 4 Implied f 3 
2s 12 7 . 
“ATi | E€OR PHA | 
“Implied | (IND, X) implied 4 
16/26 13° : 
" BVC =OR CLI | EOR . SR | 
5 | Relative| (IND), Y Implied ‘ oi 5 
2 o* 4 2 5° 7 : 1 2 ‘ 
PLA b : 
6 Implied i ABS | 6 
14 : ae 
SEI ; 
: Implied | A Xs 7 
26 1 2 . 
STX DEY 
8 ZP Implied 8 
23 12 
: _TYA 
9 i (IND, Y) ie ; Implied 9 
1.2. [3 
LDY LDA TAX : 
A MMs (IND, X) ; i Implied A 
22/|26 2 12 
CLV TSX 
ts) : \ Implied Implied : B 
22 1 2 12 , 
SMB4 INY 
c zp Implied Cc 
| 25/25 ]|12 
CLO 
DO | Relative Implied 
2: 2°" : 12 
INX 















E \mplied . E 
12 3 6 
SED | sec | INC 
F Implied | A ABS, X | ABS, X F 
1 2 34 ),3 7 
0 1 2 3 4 5 6 7 8 9 A B Cc D E F 


*Add 1 to N if page boundary is crossed. 
**Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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R6500/41 and R6500/42 
APPENDIX 


. One-C 


hip Intelligent Peripheral Controllers 


KEY REGISTER SUMMARY 


CPU Registers 


v a 


[aT accumucaton 


A 
7 0 
| a INDEX REGISTER Y Y 
7 0 
(Ok) Nex REGISTER x x 

15 7 0 

[PCH PCL PROGRAM COUNTER Pc 
7 0 
STACK POINTER s 


? Q 
wiv] [e [oo] [z ]o] processon status REG P 


Mode Control Register 







Processor Status Register 


T 6 $ 4 3 2 1 


o 


CARRY (C) (1) 


1. Carry Set 
0 - Carry Clear 


Zero (2) (1) 


1 - Zero Result 

0 Non-Zero Result 
INTERRUPT DISABLE (I) (2) 
1 - IRQ Interrupt Disabled 
0 - IRQ Interrupt Enabled 
DECIMAL MODE (0D) (1) 

1 ~ Decimal Mode 

@ - Binary Mode 

BAEAK COMMAND (B) (1) 
1 - Break Command 

0 - Non-Bresk Command 


OVERFLOW (0) (1) 





sh ee 1 = Overflow Set 
0 = Overflow Clear 
NEGATIVE (N) (1) 
NOTES ee ats 
(1) Not initistized by RES 1 = Negative Vaiue 
COUNTER {2) Set to Logic 1 by RES © 0 - Positive Value 
SELECT MODE ee 
BUS MOOE 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
1 0 EVENT COUNTER 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT ; a 
0 - 6500/6800 BUS Interrupt Enable and Flag Registers 
1 - Zeqsoeo0 BUS : 
INT SELECT | aes 
oes mri 7 ADDA 00t2 
1 WT 
0 © PORT B ALL INPUTS 
0 1 PORTS ALL OUTPUTS ee ; 4 
1 0 ABBREVIATED BUS MODE F : 
1 1 MULTIPLEXED BUS MODE 
iFA- ‘ADDA.0011. 
Host Status Flag Register 
PAO POSITIVE 
: EDGE DETECT ~ 
HSFR ADDR O01E INTERRUPT ENABLE 
PA1 NEGATIVE 
EDGE DETECT 
INTEARUPT ENABLE 





FULL FLAG 


OUTPUT DATA REGISTER 
FULL FLAG : 


COPIES RS ON 
WRITE FROM HOST 


GENERAL PURPOSE. 
FLAGS STATUS REGISTER 
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INPUT DATA REGISTER 






f % DATA REG DATA REG 
OUTPUT INPUT. 






INTERNAL INTEARUPT 
REQUEST, IRQ ENABLE 


EXTERNAL INTERRUPTS REQUEST 1. 
INT-4 ENABLE” 


EXTERNAL INTERRUPT REQUEST 2. 
INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


Host Addressing Matrix 


HOST — COMMAND 
STATUS FLAG INPUT 















| R6500/41 and 6500/42. | a  ‘One-Chip Intelligent Peripheral Controllers 


APPENDIX C 
MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS 


C.1 ABBREVIATED BUS MODE MEMORY MAP 








™pesoa/a2 ONLY 
#DELETED FOR NORMAL MODE 







| ie OE ks at, ae INTERNAL 
docs ZONE FOR 16 REGISTERS 
| |. ° PERIPHERAL. ; 
“" OEWiCE: d 
ADDRESSES» : 
INTERNAL RAM 
(64 BYTES} - oe OS TERRA 1 


INTEANAL 
VO PORTS A, 8, C 





- IRQ VECTOR 
* n@s00!42 ONLY 
L FES VECTOA ; 


tg | : 7 ‘ INTERNAL 
: ~~ EXTERNAL : 
= ; al pian REGISTERS 
BAS (ACTIVE LOW) 4096-128 BYTES ; 
MULTIPLEXED : 
. DATA AND ADDRESS - 
BUS 
. INTERWAL 
| _umssoneo | eee : 
INTERNAL . 
VO PORTS A,B,C f° f 


“R6500/42 ONLY 











R6500/41 and R6500/42 ~ One-Chip Intelligent Peripheral Controllers 
C.3 0 AND INTERNAL REGISTER ADDRESSES | 


ADORESS READ WRITE 


001F _——: 3 ae . , 
1E. Host Status Flag Register Host Status Flag Register 
10 -— _-— 

Input Data Register (IDR) _ Output Data Register (ODR) 














1B aes pee 
1A Lower Counter Lower Latch . _ 
19 Lower Counter & Clear Flag (IFR5) Upper Latch/Transfer Latch to Counter & Clear Flag (IFRS) 


18 Upper Counter Upper Latch 





Mode Control Register 


13 —-— —-— 
12 Interrupt Enable Register interrupt Enable Register 
Interrupt Flag Register -- 

Read “FF” Clear Int Flag Bit 








Port G (R6500/42 only) Port G (R6500/42 only) 
05 Port F (RA6500/42 only) Port F (R6500/42 only) 
Port E (R6500/42 only) Port E (R6500/42 only) 






C.4 MULTIPLE FUNCTION. PIN ASSIGNMENTS 


PIN NUMBER . vO ABBREVIATED PORT MULTIPLEXED PORT 
R6500/41 | R6S00/42 FUNCTION _. FUNCTION al: FUNCTION 
AO 


PCO 
PC1 Al 
PC2 
PC3 
PC4 
PCS_ 

PC6/INT 


A10/D6 
A11/D7 
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R6500/41-and R6500/42 a es _ QOne-Chip Intelligent Peripheral Controllers 


MAXIMUM RATINGS* 


“NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
Operation of the device at these or any other conditions above 
those. indicated in the other sections of this document is not 
implied. Exposure to. absolute maximum rating conditions for 
extended periods may affect device reliability. 








DC CHARACTERISTICS 
(Vec = SV £5%, Vss = 0) 





Parameter. 


Power Dissipation (Outputs High) 
- Commercial 0°C to + 70°C 


Input High Voltage (Normal Operating Levels) 





Input Low Voltage (Normal Operating Levels) 





~Input Leakage Current 
’ Viz = 0 to 5.25 Vde 


Input Low Current 
Mit = 0.4 Vdc) : 
Output High Voltage: 
(Voc= Min, ILgan = — 100 pAdc) 
Output High Voltage 
(Veco = min) 








‘Output Low Voltage 
(Voc = min, lLoap = 1.6 mAdc) 








Output High Current (Sourcing) 
(Voy = 2.4 Vde) 
Output Low Current (Sinking) 
(Vo, = 0.4 Vde)’ 
" Darlington Current Drive, PE* 
(Vox = 1.5 Vde 
Output Low Current, PE* 
(Vo. = 9.4 Vdc) 
- Input Capacitance 
Vin - Q, Ta = 25°C, f 1.0 MHz) 
PA, PB, PC, PF*, PG* 
Output Capacitance. 
(Vin ~ 0, Ty = 25°C, f 
VO Port Resistance 
PAO-PA7, PCO-PC6. 
PFO-PF7, PGO-PG7 


Note: Negative sign indicates outward current flow, pasitive indicates inward flow. Voc = 5V +5%. *R6500/42 only. 


















a 
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R6500/41 and R6500/42 


One-Chip Intelligent Peripheral Controllers 


APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 


1. 


2. 


Veo 5V+5°,0C = TA<70C 


A valid Ve; — AES sequence is required before proper 
operation is achieved. 


. All timing reference ‘evels are 0.8V and 2.0V. unless 


otherwise specified. 


. All time units are nanoseconds. unless otherwise specified. 


. All capacitive loading is 130pf maximum, except as noted 


below: 
PA, PB — 50pf maximum 
PB, PC (I/O Modes Only) — 50pf maximum 
PB, PC (ABB and Mux Mode) — 130pf maximum 


E.2 CLOCK TIMING 


CLKIN Input Clock 
Pulse Width 





Width at Minimum 
T 


cre 





Output Clock Rise. 
Fail Time 





Input Clock Rise. 
Fall Time 
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R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
E.3 ABBREVIATED MODE TIMING—PB AND PC 


{MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 
PARAMETER 


Tecrs (PCS5) AW Setup Time : 


Trcas (PCO-PC3) Address Setup Time 


LMI | 
Lae 
eal 
Taw | (PB) Data Setup Time | 50. 
Tron | (PB) Data Read Hold Time | 10 
| 30 | 
ie 
| 30 | 
z= 









rc 





Teaaw (PB) Data Write Hold Time 


en (PCO-PC3) Address Hold Time | — | 


NOTE 1: Values assume PCO-PCS5 have the same capacitive load. 


wn 
a 





E.3.1 Abbreviated Mode Timing Diagram 


pcs) WY) 


PCO-PC3 eS 


A PY 
Treas 





R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
E.4 MULTIPLEXED MODE TIMING—PB AND PC 


(MCR 5 = 1, MCR 6 = 1, MCR7 = 1) 


ee 
| (PCS) AW Setup Time 






(PC5) R/W Setup Time 


: 
"EMS Setup Time 


NOTE 1: Values assume PCO-PC5 have the same capacitive load. 


E.4.1 Multiplex Mode Timing Diagram 














a — 
OQ oO 








WRITE | 








WD 





Ems) |. Tesu - 











eee Om 


(PC4) | Tpevp 
—+|Tpena) —— no 
renee) W/)} BZ, |) 
: | i 


Tecas T Trapp . 
—e|  [a—. Tpax A — PBSU —_!______—__e 


2, a HX OUD 


—_— 











T 4 
Tppas — ~—— Tpevo TepyR Pan 
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E.5 1/0, EDGE DETECT AND COUNTER TIMING 


| | twee. | Mer 
PARAMETER 
[Man | Max | MN | OMAK | 


Internal Write to Peripheral Data Valid 


PA, PC TTL 
PA, PC CMOS 


Peripheral Data Setup Time 
PA, PG 


Peripheral Data Hold Time 


‘PA2 Input Pulse Width 
PA2 Output Delay 


NOTE 1: Maximum Load Capacitance: SOpF Passive Pull-Up Required 








E.5.1 1/0, Edge Detect, Counter 












PAO-PA7 
PBO-PB7 
PCO-PC7 


EDGE DETECTS a cae k, 
(RAO=P AY) gene 
CNTR 


1.5V 1.5V 
PA2 cad js 


Topw Toew 
CNTR 2.4V 
PA2 
- 0.4V 


PAO-PA7 
PBO-PB7 
PCO--PC6 
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R65/41EB e R65/41EAB 
R6500 Microcomputer System 


é @ | R65/41EB AND R65/41EAB 


BACKPACK EMULATORS 
Rockwell 





INTRODUCTION FEATURES 
The Rockwell R65/41EB. and R6S/41EAB ‘Backpack Emulator « PROM version of the R6500/41 
is the PROM prototyping version of the :8-bit,,.masked- ROM e All Host bus features of R6500/41 


R6500/41 one-chip microcomputer. Like the 6500/41, the 
backpack device is totally upward/downward compatible with all computers 
members of the R6500/41 family. Itis designed to accept stan- ; : ee 

dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 6 Pole approaches 4p DIFTOr ReSO0/st 

top of the Emulator. This packaging concept allows a standard e Accepts 5 volt, 24-pin industry-standard EPROMs 
EPROM to be easily removed, te-programmed, then reinserted —AK memories—2732, 2732A 

as often as desired. 


e Completely pin compatible with R6500/41 single-chip micro- 





e Use as prototyping tool or for low volume production 
; « 4K bytes of memory capacity 
The backpack devices have the same pinouts as the masked- : 
; ait : e 64 x 8 static RAM 
ROM R6500/41 microcomputer. These 40 pins are functionally we ; ; 
and operationatly identical to the pins on the R6500/41. The « Software compatibility with the R6500 family 
R6500/41 Microcomputer Product Description (Rockwell Docu- 23 bi-directional TTL compatible /O lines 
ment No. 29651N38, Order No, 2135) includes a description of e 16 bit programmable counter/latch with four modes (inter- 
_the interface signals and their functions, Whereas the masked- val timer, pulse. generator, event counter, pulse width 
ROM R6500/41 provides:1.5K bytes of read-only memory, the measurement) 
R65/41EB will address 4.0K bytes of external program memory. e 7 interrupts (reset, two external edge sensitive, counter 
This extra memory accommodates program patches, test pro- underflow, Host data received, Output data register full, Input 
grams or optional programs during breadboard and BOONES data register empty). 


development states. ‘External time base 


e Single +5V power supply 


ORDERING INFORMATION 
_ Backpack Emulator . 
Part ‘Memory. | Compatible | © Temperature 
Capacity | -Memories. | Range and Speed | 


R65/41EB ‘| 873% 0°C to 70°C 
. 1MHz 








R65/41 EAB é 0°G to 70°C. 
, +2 MHz. 


Support praguste 







Description 


SYSTEM 1 ‘65 Microcomputer — 
Development Systern- - 
PROM Programmer Module 

















S65-101 



















M65-040 





M65-131 1-MHz R6500/41 Personality Module. 
M65-132 2-MHz R6500/41 Personality Module 
RDC-1001 Rockwell Development Center ; 
RDC-131 1 MHz F6500/41 Personality Set (RDC) 


RDC-132 


R65/41EB-R6S/41EAB Backpack Emulator 


‘2 MHz ‘R6500/41 Personality Set (RDC) 








Document No. 29001D14 . Data Sheet Order.No. D114 
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‘RG65/41EB e R65/41EAB | | Backpack Emulators 





CONFIGURATIONS PRODUCT SUPPORT: 


The Backpack Emulator is available in two different versions, The Backpack Emulator is just’ one of the sates that Rock: 
to accommodate 1 MHz and 2 MHz speeds. Both versions. well offers to facilitate fee and program cevereprent 
provide 192 bytes of RAM and J/O, as well as 24 signals to for the R6500/41. 


support the external memory “backpack”. socket. 
The SYSTEM 65 Microcomputer Development System with 


External 4K memories with addresses of 000 to FFF, are F6500/41 Personality Module supports both hardware and 

upward translated to addresses F000 to FFFF when assem- software development. Complete in-circuit user emulation 

bled to form the Backpack Emulator. with the R6500/41 Personality Module allows total system 

test and evaluation. With the optional PROM Programmer, 

EXTERNAL FREQUENCY REFERENCE §: SYSTEM 65 can also be used to program EPROMs for the 

: : baths BP oe development activity. When PROM programs have been fin- 

The external frequency reference is an output timing signal alized, the PROM device can be sent to Rockwell for masking 
g2. This is an internally synchronized 1 x clock output suit- into the 1. 5K ROM: of the R6500/41. 


able for external memory or peripheral interfacing. 


In addition to support products, Rockwell offers regularly- 
/O PORT PULLUPS scheduled designer courses at regional-centers. 


The emulator devices have. internal /O port pullup resistors 
on ports A and C. Port B has tri-state drivers. 









CLOCK EDGE 
OSCILLATOR DETECT 





VCC, VSS 







INPUT DATA 
REGISTER 


40 R6500/41 
24 ea .COMPATIBLE PINS 
NS 








R65/41EB Interface Diagram 
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R65/41EBeR65/41EAB | "Backpack Emulators 





BACKPACK MEMORY SIGNAL 








1. Vec ah 
2  CLKIN DESCRIPTION 
3 RES : ° 
: et . _ Description 
6 PBS DO-D7 | 9S-11S, | Data Bus Lines. All instruction and data 
7 PB4 13S-17S | transfers take place on the data bus lines. 
8 PB3 The buffers driving the data bus lines have 
9 PB2 full three-state capability. Each’ data bus 
PB1 ‘pin is connected to ah input and an output 
.PBO buffer, with the output buffer remaining in 
| _ PAT the floating condition. 
: ee : PAG AO-AQ | 18-88, Address Bus Lines. The address bus lines 
et PIN SCERET JO. PAS A10, | 22S, 23S | are-butfered by push/pull type drivers that 
shee | Att 19S, 21S] can drive one standard TTL load. 
So “CE 188 Chip Enable. 
PAI OE 20S — | ‘Mermory Enable Line. This signal provides 
PAO the output enable for the memory to place 


information on the data_bus lines. This 
signal is driven by the R/W signal from the 
Pin Configuration _CPU and then inverted to form OE. This 
signal is driven by the inverted address line 
A11. The OE signal will be low for | 





- Vsg 


; | addresses greater than OFFF. 
PIN 21 Is Voc for R65/41EB or A11 for R65/41EB cs Page 
(PRAY Is Nec fer : | Veg: | 24S Main Power Supply +5V. This pin is tied 
directly to pin 40 (Vcc). , 


Vsg | 128 -| Signal and Power Ground (zero volts). This 
ee [ bin is tied directly to pin 21 (Vsq). 


_VO AND INTERNAL REGISTER ADDRESSES 


- Host Status Flag Reiser 


Input Data Register (IDR) 
Lower Counter ; 
__ Lower Counter &.Clear Flag (IFRS) . 
‘Upper Counter 


Mode dedlada Register 
interrupt Enable Aégaer. 


Interrupt Flag Register 
Read “FF” 


03 thru OF 
02 
01 
0000 
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: Host Status Flag Register 


- Output Data Register (OOF)! 


—— 


‘Lower Latch 


Upper Latch Transfer Latch to Counter & Clear. hee! (IFR5) 
Upper Latch 


_Mode Control Register 


Interrupt Enable Register 


Clear Int Flag Bit 


R6S/41EBeRES/41EAB CV Backpack Emulators 
READ TIMING CHARACTERISTICS 














OE and CE setup time from CPU 
Address setup.time from CPU 
Memory read access time 

Data set uptime | 
: Data hold time—Read 

Address hold time. 

OE and CE hold time 

Cycle Time 


READ TIMING WAVEFORMS 


o2 


— 


OE 
ADDRESS FROM 
a es 


DATA FROM. — 
MEMORY 





ABBREVIATED BUS MULTIPLEXED BUS. 
MODE MEMORY MAP MODE MEMORY MAP 
















IRQ VECTOR 


EXTENDED 
ROM (2.5K)* 


ey oes OFFF 





INTERNAL 
ZONE FOR 16 j REGISTERS 
PERIPHERAL 





co1F 
| EXTERNAL INTERNAL 
MEMORY REGISTERS 


ENS (ACTIVE LOW) EMS (ACTIVE Low)| | 400¢-128 BYTES 
| pevice_ 0040 | MULTIPLEXED 
aaa DATA AND ADDRESS 
| BUS 
0080 
cazF 







INTERNAL RAM 

(64 BYTES) 
INTERNAL INTERNAL | 
i AND REGISTERS VO PORTS A, B,C | onoo 


* 6500/42 ONLY 


i 
0040 


Goo2 1F 
0000 0 









INTERNAL 
VO PORTS A, B, C 





“Net available for. masked ROM A6500/41. “Not available for masked ROM R6S00/41.° 


3-254 





R65/41EBe R65/41EAB | | Backpack Emulators 
ELECTRICAL CHARACTERISTICS 


(Vcc aa 5.0 = 5%, Vss = 0, Ta = 25°C) 
Characteristic 





Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Voc = 5.25V) 
DO-D7 


Output High Voltage 

(ILono = 1004 Adc, Voc = 4.75V) 
DO-D7, AO-A11, OE, CE 
Output Low Voltage 


(ILoap = 1.6 mAdc, Voc = 4.75V) 
DO0-D7, AO-A11, OE, CE 


Power Dissipation (less EPROM) 


' Capacitance 
(Vin = 0, Ta = 25°C, f = 1 MH2) 
Do-D7 (High Impedance State) 
Input Capacitance 


VO Port Pull-up Resistance 











jw Lg. ogo = 015 BOTH ENDS 
0.100.010 TYP 





40-Pin Backpack Package 
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R6500 Microcomputer System 


ge | R6541Q AND R6500/43 


INTELLIGENT PERIPHERAL CONTROLLERS 


Rockwell 





SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6541Q & 
R6500/43 


Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

e Asynchronous Host interface that allows independent clock 
operation 


Input, Output and Status Registers for CPU/Host data 
transfer 


e Status register for CPU/Host data transfer operations 
Interrupt or polled data interchange with Host 
Enhanced 6502 CPU 
e Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
e Decimal and binary arithmetic modes 
e 13 addressing modes 
e True indexing 
256-byte mask-programmable ROM* 
64-byte static RAM 
23 TTL-compatible 1/O lines 
A 16-bit programmable counter/timer, with latch 
e Pulse width measurement 
e Pulse generation 
e Interval timer 
e Event counter 
Eight interrupts 
« Two edge-sensitive lines; one positive, one negative 
e Reset 
e Counter Underflow 
e Host data received 
e Output Data Register full 
e Input Data Register empty 
e Non-maskable 
e Multiplexed bus expandable to 4K bytes of external memory 


*R6541Q has no ROM. 
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e Unmultiplexed Address and Data buses for 4K of Periph- 
eral I/O expansion 

e 68% of the instructions are executed in less than 2us @ 
2 MHz 

e NMOS-3 silicon gate, depletion load technology 

@ Single +5V power supply 

e 64-pinQUIP > 


NOTE 


This document describes both the R6541Q and 
R6500/43: In the text, the terms IPC or device will be 
used when describing both parts. See Section 1.3 for 
a description of the options available for the R6500/13 
and the fixed features of the R6541Q. 


1.2 SUMMARY 


The Rockwell R6541Q and R6500/43 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface I/O devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. They have an 
enhanced R6502 CPU, an optional 256 by 8-bit ROM, 64 by 
8-bit RAM, three I/O ports with multiplexed special functions, 
a multi-function timer, and a full 4K address and data buses 
all contained within a 64-pin Quad-in-line package. 


In both versions, special interface registers allow these IPC 
devices to function as peripheral controllers for the 6500, 
6800, Z80, 8080, and other 8-bit or 16-bit host microcom- 
puter systems. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the device a 
leading candidate for IPC computer applications. 


Product Description Order No. 2136 
Rev. 1, August 1983 
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Rockwell supports development of the R6541Q and R6500/43 _ @ Without ROM 
with the System 65 Microcomputer Development System and e Reset Vector at FFFC 


the R6500/" Family of Personality Modules, Complete - e ‘No internal pull-up resistors on any Port (PA or PC) 
in-circuit emulation with the R6500/" Family of Personatity 


Modules allows total system test and evaluation. RaGOO/a 

This product description assumes that the reader is familiar Soe avers 
with the R6502 CPU hardware and programming capabillties. (PAD-PED) 
A detailed description of the R6502 CPU hardware is included vaca 
in the R6500 Microcomputer System Hardware Manual 

(Document Order Number 201). A descrption of the instruc- = Pa0-PB? 
tion capabilities of the R6502 CPU is contained in the R6500 = aed 


Microcomputer System Programming Manual (Document 
Order Number 202). 


PCo-Pce 
(AD, At, A2, 43, 





EMS, A/W, INT)” 


1.3 CUSTOMER OPTIONS COUNTERILATCH 


The R6500/43 microcomputer is available with the following 
customer specified mask options. 

e Option 1 with or without a 256 byte ROM 

e Option 2 Reset Vector at FFFC or OFFC 

@ Option 3 Port A with or without internal pull-up resistors 
e Option 4 Port C with or without internal pull-up resistors 


OUTPUT DATA 





All options should be specified on an R6500/43 order form. 


*MULTIFUNCTION PINS 





The R6541Q has no customer specified mask options. It has 
the following characteristics. Figure 2-1. Interface Diagram 








-2 ausona 
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14 PB2 
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Bs ‘ > bat (41.35 MM) 
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.64 PIN QUIP 


Figure 2-3. R6541Q & R6500/43 Dimensional Outline 
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_SECTION2 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 


devices. Figure 2-3 shows the mechanical dimensions of the 
devices. Section 5 describes the Host computer interface 


gram for the devices. Figure 2-2 shows the pin out configu- 
ration and Table 2-1 describes the function of each pin of the 


Table 2-1.. Pin Description 
_ PIN-NO, be, _PINNO. ; 
SIGNAL NAME| R6541Q@ & R6500/43 | DESCRIPTION SIGNAL NAME | R6541Q & R6500/43 DESCRIPTION 
CLKIN 11 Symmetrical: square wave PBO-PB7 49-56 8 bit /O port used for either 
100 KHz to 2 MHZ, TTL com- input or output. Each line 
patible input. consists of an active transis- 
ae : Par tor to Vs; and an active pull- 
2 24 Output timing signal—This is peste 
p an erally S acironised up.te Veo: Tig port becomes 
1 x clock output suitable for by ii state data pes: agin 
external memory or peri- in the Abbreviated or Multi- 
pheral interfacing. plexed Bus Mode: DO-D7 are 
on multiplexed with address lines 
RES 57 The reset input is used to ini- A4-A11. in the. Multiplexed 
tialize the device.. Section 7 Bus Mode. — 
a a the HES PCO-PC6 31-25 7 bit YO port used for either 
codlire: input or output. Each line 
consists of an active transis- 
VCC 64 Power supply input (+5V) tor to Vsg and an optional . 
, . passive pull-up to Vee. The 
VSs 32 on and power ground pins PCO to PCS are mul- 
tiplexed with address and 
ts 12 Chip select pin for host in- control signals for use in 
terface. abbreviated and multiplex 
RS (AO) 15 Register select inout pin used ineeeas POs hey mult plexed 
by the Host processor to in- Het INT and is program se- 
dicate that information being BUCS Ih ese we modes 
written into the IPC is a data PCO-PC5 have active pull- 
or command byte or to indi- EPS: 
cate that information being A0-A11, A15 71 Thirteen address lines used 
read from the IPC is a status 63-58 to address a complete 8K 
or data byte. external address space. 
E (RD) 13 Host timing control signal for DB0-DB7 41-48 Elght bidirectional data bus 
data register write and read. lines used to transmit data to 
R/W (WR) 14 Host timing control signal for and from external memory. 
data register write and read. SYNC 9 SYNC is a positive going sig- 
HBO-HB7 16-23 Data bus between Host and Ral for tbe -tilbcleck: Cyee 
IPC data input and output whenever the CPU is per- 
registers. forming an OP CODE fetch. 
NM 8 A negative going edge on the RW 10 Controls the direction of data 
Non-Maskable Interrupt sig- transfer between the CPU 
nal requests that a non- and the external 65K ad- 
maskable interrupt be gen- dress space. The signal is 
erated with the CPU. high when reading and low 
when writing. 
PAO-PA7 33-40 8 bit I/O port used for either 


protocol and timing requirements. 





input or output. Each line 
consists of an active transis- 
tor to Vss and an optional 
passive pull-up to Vec. The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. PA2 is time shared with 
the 16 bit Counter Input or 
output pin, CNTR, and is 





mode selected. 
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SECTION 3 


SYSTEM ARCHITECTURE 


This section provides a functional description of the IPC de- 
vice. Functionally, the device consists .of a CPU, RAM and 
optional ROM memories, three parallel I/O ports (actually 23 
/O lines), counter/latch circuit, a mode control register, and 
an interrupt flag/enable. dual register circuit. A block diagram 
of the system is shown:in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
‘all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 16-bit. Program Counter, and standard instruction register/ 
decode and internal timing control logic. 


3.1.1. Accumulator 


The accumulator is a general purpose 8-bit register that: 


stores the results of most arithmetic and. logic operations. In 


addition, the accumulator usually contains one of the two 


data words used in these operations. 


3.1.2 Index Registers 


There are two &-bit index registers, X and Y. Each. index reg-, 
ister can be used as a base to modify the address data pro- 
-gram counter and thus: obtain a new address—the sum of 


the program counter contents and the index register contents. 


When executing an instruction which specities indirect ad- 
‘dressing, the CPU fetches the op code arid the address, ‘and 
modifies the address frorn memory by adding the index reg- 
ister to'it prior to loading or-storing. the value of memory. 


. Indexing greatly simplifies many types of programs, espe-. 
‘cially those using data tables: 


3.1.3 Stack Pointer 
The Stack Pointer is an 8- bit register. It is automatically in- 


cremented and. decremented under.control of the micropro- ‘ F 
cessor to perform stack manipulation: in response to either 


user instructions, or an internal IRQ interrupt. The Stack 
Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple levet in- 
terrupts, subroutine nesting and simplification of many types. 
of data manipulation. The JSR, BRK, RTi and RTS instruc- 
tions use the stack and Stack Poiriter. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The: -address of a memory 
location is stored (or pushed") onto the stack. Each time 
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data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
“pulled”) from the stack, the Stack Pointer is incremented by 
1, The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
007F-0040. Normal usage calls for the initialization of the 
Stack Pointer at 007F. 


3.1.4 Arithmetic and Logic Unit (ALU) 


All arithmetic arid logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 


‘to various internal buses or to a logic zero; ‘the ALU then 


generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3. 1. 5 Program Counter 
The 16-bit Program Caunter provides the addresses that are 


- used to step the processor through sequential instructions 
. ‘ina program. Each time the processor fetches an instruction 


from program memary; the lower (least significant)’. byte of 


‘the Program Counter (PCL) is placed on the low-order bits. 
‘of the Address Bus and the higher (most significant) byte.of 


the Program Counter:(PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 


time an instruction or data is fetched ‘from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM: and gated onto 
the-Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and in- 


_terrupt signals to generate control signals for the various 
‘ registers. 


3.1.7 Timing ‘Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This:iogic: is initialized each time 
an instruction fetch is executed and is advanced at the be- 
ginning of each low level of the Clock In pulse for as many 
cycles as are required to complete the instruction. Each data 


_.transfer which takes place between the registers is caused 


by decoding the contents of both the instruction register and 


-timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls: the sequencing of three interrupts: 
RES, NMI, and TRQ. IRQ is generated by any one of four 
conditions: Counter Overflow, Positive Edge Detect, Nega- 
tive Edge Detect, and Input Data Register Full. 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In or- 
der for these instructions to be equally applicable to any I/O 
ports, with or without mixed input and output functions, the 
VO ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained: 
in the following subparagraphs: Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to “1” one of the 8-bit data field specified 
by the zero page address (memory or 1/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-FF) of the byte or I/O port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the: address of the byte to 
be tested within the zero page address range (memory or 
/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested.is a "1". If the bit tested is not set, the next 
sequential instruction is executed, 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
isa ‘0’. 


3.3 READ-ONLY-MEMORY (ROM) 


The optional ROM consists of 256 bytes mask programmable 
memory with an address space from OFOO to OFFF. ROM 
locations FFFA through FFFF are assigned for interrupt vec- 
tors. The Reset vector can be optionally. at OFFC or FFFC. 


The R6541Q has ho ROM and its reset vector is at FFFC. 
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3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM. consists of 64 bytes of read/write memory with an 


’ assigned page zero address of 0040 through OO7F. 


3.5 SYSTEM CLOCK 


The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza-. 
tion at pin 92. 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction .1/O.ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 


The use of Counter A Mode Select is shown in. Section 6. 


The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. _ 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4.4 and 
4.5. 


ADDR 0014 


SELECT MODE 
INTERVAL TIMER 
1 PULSE GENERATOR 
0 EVENT COUNTER 


PULSE WIDTH 
MEASUREMENT 


BUS MODE 


NOT USED 


BUS SELECT 
0 = 6500/6800 BUS 
1 = 280/6080 BUS 


PORT B ALL INPUTS 
PORT B ALL OUTPUTS 
ABBREVIATED BUS MODE 
MULTIPLEXED BUS MODE 


Figure 3-2. Mode Control Register Bit Allocations 
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ADDR 0012 





ADDR 0011 











PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


PA NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 




















EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 

EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 

COUNTER UNDERFLOW 

INTERRUPT ENABLE 

















Figure 3-3. interrupt Enable and Flat Registers 


Table 3-1. Interrupt Enable Signals 


Positive Edge Detect, Interrupt Enable— 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRG and set 
the corresponding flag bit. 








Negative Edge Detect Interrupt Enable— 
when this bit is set to a "1" a negative 
going signal on PA1 will generate an IRQ. 
and set the corresponding flag bit. 








Input Data Register Full Interrupt Ena- 
-ble—setting this bit to a “1” allows an 
TRQ to be generated each time the Host 
fills the IDR setting the IDFR bit. 


Output Data Register Full Interrupt Ena- 
ble—when this bit is an interrupt request 
to the Host is generated each time the 
ODFF flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODAF flags. 


' Input Data Register Empty interrupt En- 
able—when this is set to a “1” an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDAF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 





















Counter Interrupt Enable—if enabled, an 
IRQ is generated whenever the Counter 
overflows. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the [RQ interrupt request 
to rernain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the information that in- 
dicates which I/O or counter needs attention. The contents 
of.the Interrupt Flag Register may be examined at any. time 
by reading at address: 0011. Edge. detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0"; and writes the modified value at address location 
0011. In this way IFR bits set to a “1” after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on a 
Read. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a1” by writing a "1” in the re- 
spective bit position at location 0012. Individual IER bits may 
be cleared by writing a “0” in the respective bit position, or 
by RES. If set to a."1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). 


OUTPUT DATA REGISTER (ODR) FULL 


When IER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODRAF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a1” indicating the ODR is full. 
The ODAF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODA. 


INPUT DATA REGISTER (IDR) EMPTY 


When IER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDREF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFA wil! be set to a “1” 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 


The’ 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry oc- 
curred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


NOTES 
(1) Not initialized by RES 
(2) Set to Logic 1 by RES 
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zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEN). 
This bit. may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the | bit. 


CARRY (C) (1) 


1 = Carry Set 
O = Carry Clear 


Zero (2) (1) 

1 = Zero Result 

0 = Non-Zero Result 
INTERRUPT DISABLE (I) (2) 


17 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (8B) (1) 
1 = Break Command 

0 = Non-Break Command 
OVERFLOW (0) (1) 

1 = Overflow Set 

0 = Overflow Clear 
NEGATIVE (N) (1) 


1 = Negative Value 
0 = Positive Value 





Figure 3-4. Processor Status Register 
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3.6.4 Decimai Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set.to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and ATI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION: 


The Decimal Mode Bit will either set or clear in an un- 

‘predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by 
the user program or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n < 127). 
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This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or ~128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflact the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, ATI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
Structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there is no liné grouping or port association restrictions. 
The eight lines of Port B may be programmed as all.inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 


Internal pull-up resistors (FET’s with an impedance range of 
3K = Apu < 12K ohm) may be provided on ports PA and/or 
PC. The R6541Q does not have these resistors. 


The direction of the |/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the I/O ports, which simplifies I/O handling. The 
/O addresses are shown in Table 4-1. If a part is being 
used to emulate a R6500/42 the ports must be provided in 
externa! circuitry and addressed through locations ‘0004- 
0006. 


Table 4-1. 1/O Port Addresses 


ADDRESS 





} soa only 


4.1 INPUTS 


Inputs for Ports A and C, and also Ports F and G if emulating 
the R6500/42, are enabled by loading logic 1 into all /O port 
register bit positions that are to correspond to I/O input lines. 
A low (<0.8V) input signal will cause a logic 0 to be read 
when a read instruction is issued to the port register. A high 


(>2.0V) input will cause a logic 1 to be read. An RES signal 
forces alt I/O port registers to logic 1 thus initially treating all 
/O lines as inputs. 


Port B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Controt Reg- 
ister to a "0". 


The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Noté that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 


Read/Modify/Write Instructions can be used to modify the oper- 
ation of PA, PB, PC, and also PF, & PG of an emulated 
R6500/42. During the Read cycle of a Read/Modify/Write 
instruction the Port I/O register is read. For all other read instruc- 
tions the port input lines are read. Read/Modify/Write instruc- 
tions are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, 
and SMB. 


4,2 OUTPUTS 


Outputs for Ports A thru C, and emulated Ports E thru G of 
the R6500/42, are controlled by writing the desired '/O line 
output states into the corresponding 1/O port register bit po- 
sitions. A logic 1 will force a high (>2.4V) output while a logic 
0 will force a low (<0.4V) output. Port B also requires that 
MCRE be set to a1” and MCR7 be set to a "0". 


4.3 PORT A (PA) - 


Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, I/O port, 
or a counter I/O line. Table 4-2 tabulates the control and 
usage of Port A. 


in addition to their normal 1/O functions, PAO can detect pos- 
itive going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge can be detected is one-half the #2 clock rate. 
Edge detection timing is shown in Section E.5. 


Table 4-2. Port A Control & Usage 








MCRO = 0 
MCRi1 = 0 





wane | Te | 


PAO (1) ie) 
PA1(2) 118) 









PAO-PA1 I/O PA2 0 PA2 COUNTER PA3-PA7 I/O 


[sve [ie [wee | ane [we 
CNTR 


CNTR | OUTPUT 





MCRO = X 
MCA1 = 1 


craic 


INPUT (3) aM PAT 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 
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4.4 PORT B (PB) 


Port B can be programmed as an /O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and MCR7 to 0 (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits D0-D7. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A1i, respectively. Refer to the Memory Maps (Appendix B) 
for. Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 
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4.5 PORT C (PC) 


Port C can be programmed as an I/O port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
PCO-PC5 function as A0-A3, R/W, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OFFF. (See Memory Map, 
Appendix C). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. 


Table 4-3. Port B Control & Usage 












R65410 & 
R6500/43 


MCR7 = 0 MCR7 = 0 
MCR6 = 0 MCRE = 1 


SIGNAL SIGNAL 










ABBREVIATED 
VO MODES MODE MULTIPLEXED MODE 


MCR7.= 1 MCR7 = 1 
MCR6 = 0. MCR6 = 1 


SIGNAL 





















SIGNAL . SIGNAL 


TYPE (2) » TYPE (3) 


































OUTPUT OUTPUT VO 
OUTPUT OUTPUT 0 
51 OUTPUT OUTPUT V/O 
52 OUTPUT OUTPUT V/O 
53 OUTPUT OUTPUT VO 
54 OUTPUT OUTPUT VO 
OUTPUT OUTPUT vO 
OUTPUT OUTPUT VO 





(1) TRISTATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TRIL-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 


Table 4-4. Port C Control & Usage 


ABBREVIATED 
MODE 


RES41Q & MCR7 = 0 MCR7 = 1 MCR7 = 1 
R6500/43 MCRE6 = X MCR6 = 0 MCR6 = 1 


SIGNAL SIGNAL SIGNAL 


VO MODE 











OUTPUT 
OUTPUT. 

OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT INT OUTPUT 








(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN *PC6 if MCRS = 0; INT if MCRS = 1 


(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 
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4.7 BUS MODES 


A special attribute of Port B and Port C is their capability to 
be configured via the Mode Control Register (see Section 
3.6) into four different modes. 


in the Pert B All Inputs and Port B All Outputs modes the 
separate address and data bus are used, The difference lies 
in the direction of Port B—all inputs or. all outputs. The re- 
ceiving ports perform the normal I/O function. A15 is usually 
used as a chip select for external memory. 


In the Abbreviated Bus Mode, the address and data lines can 
be used as above to emulate the R6500/41. Port B and Port 
C are automatically transformed into an abbreviated address 
bus and control signals (Port C) and a bidirectional data bus 
(Port B). 16 Peripheral addresses can be selected. in general 
usage, these 16 addresses would be distributed to several 
external I/O devices such as R6522 and R6520, etc., each 
of which may contain more-than one unique address. 
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In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 4K of external addresses 
are provided. Port C provides the lower addresses and con- 
tro) signals. Port B multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 4K; during the second half of the cycle it contains a 
bidirectional data bus. The address bits appearing on Port 
B must be latched into an external holding register. The lead-. 
ing edge of EMS, which indicates that the bus function is 
active, may be used for this purpose. 


Figures 4-1a thru 4-1d show the possible configurations of. 
the four bus modes. Appendix C1 shows a memory map of 
the port as a function of the Bus Mode and further shows 
which addresses are active or inactive on each of the three 
possible buses. 
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PORT B 
ALL OUTPUTS 
BUS MODE 


atta 8 BITS 


RES 


AO (RS) 


R/W (AD) 


AQ-A11 


4K 
EXTERNAL. 


DB1-DB7 


‘8 BITS 


Figure 4-1a. 


PORT B 
ALL INPUTS 
BUS MODE 


CLK IN 
RES 

AO (RS) 
R/W (RD) 
E (WR) 
cs 


4K 
EXTERNAL 


MEMORY 
a 
8 BITS 
Figure 4-1b. 


# OPTIONAL PC6 


## NOT AVAILABLE WITH BOOTSTRAP ROM OPTION 


“EMS VALID @ 0100 THRU OFFF 


CLK 
IN 


RES 

Ao (RS) 
R/W (RD) 
E (WA) 
cs 
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ABBREVIATED 
BUS MODE 


8 BITS 
DATA BUS (PORT B) | 


A0-A3 (PORT C) 16 

a ". | PERIPHERAL 

EMS (PORT C)* ADDRESSES 
RW (PORT C) as 


EXTERNAL 
MEMORY 
@ FXXXx 


Figure 4-1c. 


MULTIPLEXED 
BUS MODE 


UP TO 4K 

EXTERNAL 

MEMORY 

AND/OR 

PERIPHERALS 
# # 

@ OXXX 


euene 
aw MEMORY 

DB1-DB7 @ FXXX 

8 BITS 


Figure 4-1d. 
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HOST INTERFACE BUS 


Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and tead from the Host Status Flag 
Register. Figure 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is available to control data traffic between the CPU and 
Host. 





DATA REG DATA REG 
OUTPUT INPUT 


Figure 5-1. Host Addressing Matrix 


5.1 DATA REGISTERS 


The device has an 8-bit Input Data Register (IDR} and an 
8-bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 


e CS is asserted . 
e RS (AO) indicates command input or data input. 
e The contents of the host data bus (HBO-HB7) are copied 


into the IDR when the appropriate Host bus write signals 
are asserted.. 


The ODR serves as a temporary storage for data from the 
device to the Host: When the Host is reading data from the 
device, the following conditions are in effect: 

e CS is asserted 

e ‘RS (AO).input selects ODR or HSFR 

e The contents of ODR or the Flag Register. are placed on 


the host data bus (HBO-HB7) when the appropriate Host... 


read signals are asserted. 


§.2 HOST STATUS FLAG REGISTER 


A Host Status Flag Register facilitates a softwaré protocol 
ihat permits independent and uninterrupted flow of data 
asynchronously between the host computer andthe device. 


The Host Status Flag Register contains 8 flag bits that ‘can’ 
be read at anytime by either the Host or the device. See Fig- 
ure 5-2. General purpose flags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 


- Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 
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host write data exchange. The device can write to the F1 flag 
at any time. - + 


The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODPF sets the device Interrupt Status Register IFR3 flag. 
An Output Interrupt (INT) may be generated under program 
control by setting IER3 in the interrupt enable register. The 
ODRAF flag is reset only by a hardware reset or by the host 
performing a read on the output data register. The ODRF flag 
is reset following the conclusion of any host-output data reg- 
ister read. The resetting of the ODRF causes the reset of the 
IFR3 flag and thus the reset of the external interrupt (INT). 


The IDRF (Input Data Register Full) flag is set following the. 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may:be generated under program con- 
trol by setting IER2 in the Interrupt Enable Registér. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. IFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting IER4 -in the -interrupt- enable 
register. ‘ 


The Host Status Flag Register is cleared by the RES input. : 
HOST STATUS FLAG REGISTER — 


INPUT DATA 
REGISTER 
FULL FLAG 


OUTPUT DATA 
REGISTER 
|. FULL FLAG 
: a COPIES AS ON 
GENERAL PURPOSE WRITE FROM HOST 
FLAGS STATUS REGISTER 


Figure 5-2. ‘Host Status Flag Register Bit Allocation 


5.3 HOST COMPUTER INTERFACE 


The device will work with.a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 

‘ 2.control lines and an 8 bit three state data bus. Internal logic 
‘of the device, controlled by MCR4, configures, the address 
.. and two control lines to either a 6500 or 8080 operational 
““ methodology. The interface is completely asynchronous and 


will work with a Host Computer up to a 5 MHz bus transfer. 
rate. The device clock input frequency need not be the same 


as the Host's. A mode control register is set to match the 
- interface to that of the Host device as follows: ss 
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MCR4 = 0 When MCR4 is set to a logic zero, the IPC is “ MCR4 = 1 When MCR4 is set to a logic one, the IPC is 
configured to operate on a 6502/6800 type host configured for operation on an 8080/Z80 type 
bus. In this mode, the E input is connected to bus. In this mode, the AD input is used as a 
the host transfer strobe (VMA or @2 for 6800, read strobe and the WR input is connected to 
2 for 6500) and the R/W input is connected to the write strobe of the host microprocessor bus. 
the host microprocessor A/W output line. Fig- Figure 5-4 and Table 5-2 show the relevant tim- 
ure 5-3 and Table 5-1, together, specify the rel- ing characteristics for this mode of operation. 


evant timing for read and write cycles on this 
type of host bus. 


_. Table 5-1. Host Interface _ Table 5-2. Host interface 
_- Timing Characteristics BSEL=0 (6500) __ Timing Characteristics BSEL =1 (8080) 


: | CHARACTERISTICS CHARACTERISTICS 
1 AND 2 MHz 








1 AND 2 MH : SYMBOL 


CS, AO Setup Time 
Data Access Time on Read fies 
lic 


Control Hold Time 
ioe Das Souptiner il ta S| eer a ae 


Write Data Hold Time © 


Data Hold Time 


Write Data Hold Time 





- Write Strobe Width Hy . 5 
“NOTE: ee “NOTE: . 
90 ns ‘when loading = 130 pf + 1 TTL LOAD and 90 ns when loading = 130 pf + 1 TTL LOAD and 


75 ns.when loading = 90 pf + 1 TTL LOAD. ; 75.ns when loading = 90 pf + 1. TTL LOAD. 





WRITE 


= Tcs ieee oes TCs vv 


li my lee: THC 


















« T_T 














me ie ~ 


he THC 


ann ” 











HBO-HB7 





Figure 5-4. Timing Diagram—Host interface (MCR4 = 1) (8080 Version) 
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SECTION 6 
COUNTER/TIMERS 


The device contains a 16-bit counter and a 16-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


Counter 


Pulse width measurement 
Pulse Generation 

Interval Timer 

.Event Counter 


Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, PA2 is selected for Counter I/O. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either $2 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFRS). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location OO1A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFA 5) will 
be set to "1", This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address locatian 0019, 
or by RES. 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
Register. 


Interval Timer 


Pulse Generation 
Event Counter. 
Pulse Width Measurement 





The interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are p2 clock counter modes. The Event 
Counter Mode counts the occurrences of an extemal event 
on the CNTR line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer Mode 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter ‘is loaded with the Latch value. Note that the 
contenis of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 


The Counter value is decremented by one count at the g2 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1:5 to 65.535 
ms at the 1 MHz 2 clock rate or 0.54 to 32.767 ms at the 
2 MHz 92 clock rate. Time intervals greater than the maxi- 
mur Counter value can be easily measured by counting IRQ 
interrupt requests in the counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter Un- 
derflow (IFRS) is set to logic 1. If the Counter Interrupt Enable 
Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underflow bit in the Interrupt Flag Reg- 
ister can be examined in the IRQ interrupt routine to deter- 
mine that the |RQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA I/O. 


A timing diagrarn of the Interval Timer Mode is shown in Fig- 
ure 6-1, 


a a ep on Ca ey 


‘ 
COUNTER UNDERFLOW 


es ee 


COUNTER INTERRUPT ENABLED | f | 


SET ANY TIME BEFORE 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW| | 
TRO l 





Figure 6-1, interval Timer Timing Diagram 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. 


The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized hign when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode PA2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the g2 clock rate. 


The Counter can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, the Counter Underflow bit 
(IER5) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 
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6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the PA2 line. The Counter decrements by one 
count at the @2 clock rate as long as the PA2 line is held in 
the low state. The Counter is stopped when PA2 is in the 
high state. 


The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as tong as the PA2 pin is held low. After the counter is 
stopped by a high ievel on PA2, the count will hold as long 
as PA2 remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present vaiue. The 
State of the PA2 line can be determined by testing the state 
of PA2. 
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POWER ON/INITIALIZATION CONSIDERATIONS 


7.1. POWER ON TIMING 


After application of VCC power to the device, RES must be 
held low for at least eight stable #2 clock cycles after Vec 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. 


Jao Clock eabitization Time —o| 


2 ___ iN LLU UU 


j-— pf Clock cycles 7 


——— 


Figure 7-1. Power Turn-On Timing Detall 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit—bit 2 of the Processor 
Status Register—and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of the 
/O ports will be inltialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing: the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 





3-273 


7.3. RESET (RES) CONDITIONS. 


When RES is driven from low to high the device is putin a 
reset state causing the registers and I/O ports to be set as 
shown in Table 7-1, 


Table 7-1. 


RES Initialization of {/O Porte and Registers 
















REGISTERS 
Processor Status 
Mode Controi (MCR) 
Int. Enadle (IER) 

Int. Flag (IFR} 

Host Status Flag 
Input Data 
Output Data 








PORTS 
PA Latch 
PB Latch 
PC Latch 


Atl RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern, 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine should be executed to perform (as a minimum) the 
following functions: 


The Stack Pointer should be set 

Clear or Set Decimal Mode. 

Set or Clear Carry Flag 

Set up Mode Controls and Counter as required 
Clear Interrupts. 


aon > 


A typical initialization routine could be as follows: 


LDX Load stack pointer starting address into 

X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 


SEC Set Carry Flag 

Set-up Mode Control, 

Counter, special function 
dagastit registers and Clear RAM as required 
CLI Clear Interrupts 
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APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 


The four instructions notated with a * are added instructions 
for the IPC devices which are not part of the standard 6502 
instruction set. 


This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 


A.1 INSTRUCTION SET.IN ALPHABETIC 


SEQUENCE 
MNEMONIC INSTRUCTION MNEMONIC INSTRUCTION 
ADC © Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND "AND" Memory with Accumulator LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 
LSR Shift One Bit Right (Memory or 
Accumulator} 
*BBR Branch on Bit Reset Relative 
“BBS Branch on Bit Set Relative 
BCC Branch on Carry Clear NOP No Operation 
BCS Branch on Carry Set 
BEG Branch on Result Zero 
BIT Test Bits in Memory with Accumulator ORA "OR’ Memory with Accumulator 
BMI Branch on Result Minus 
BNE Branch on Result not Zero 
BPL Branch on Result Plus PHA Push Accumulator on Stack 
BRK Force Break PHP Push Processor Status on Stack 
BVC Branch on Overflow Clear PLA Pull Accumulator from Stack 
BVS Branch on Overflow Set PLP Pull Processor Status from Stack 
CLC Clear Carry Flag *RMB Reset Memory Bit 
CLD Clear Decimal Mode ROL Rotate One Bit Left (Memcry or 
Cu Clear Interrupt Disable Bit Accumulator) 
CLV Clear Overfiow Flag ROR Rotate One Bit Right (Memory or 
CMP Compare Memory and Accumulator Accumulator) 
CPX Compare Memory and Index X ATI Return from Interrupt 
CPY Compare Memory and Index Y RTS Return from Subroutine 
DEG Decrement Memory by One SBC Subtract Memory from Accumulator with 
DEX Decrement Index X by One Borrow 
DEY Decrement Index Y by One SEC Set Carry Flag 
SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
EOR "Exclusive-Or’. Memory with *SMB Set Memory Bit 
Accumulator STA Store Accumulator in Memory 
STX Store Index X in Memory 
STY Store Index Y in Memory 
INC Increment Memory by One 
INX Increment Index X by One 
INY Increment Index Y by One TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
JMP Jump to New Location TXA Transfer index X to Accumulator 
JSR Jump to New Location Saving Return TXS Transfer Index X to Stack Register 
Address TYA Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


BRK 
Implied 
7 
BPL ORA 


Relative | (IND), Y 
er | 2 5 


PHP 
implied 
13 


CLC ASL 
Implied ABS, X 
12 


PLP 
Implied 


Yn 
wo? 


no 
Ae) 
> x» > 





Relative 
2 9 


ATI 
Implied 


Implied 











Cll 
Implied 
12 








JMP . 
Indirect 
3°05 


SEI 
Implied 
1 2 


g “no 
< oa 





Implied Implied 
1 2 12 


Ny 
@ 





N 
a) 
ex SS 





LDX 


TYA TXS 
Implied Implied 
1 2 
TAX LDY 
IMM Implied Implied ABS 
26 22 12 12 3°64 3°64 3.4 
LDA TSX LOY LDA LDX 
Relative | (IND), Y Implied implied |ABS, X| ABS, X | ABS, Y 
2a") 2 5° 1 2 1 2 3.47; 3 4/3 4 





N 
is] 
Ug 


i 
a 




















CPY CMP 3 INY DEX CPY CMP DEC 
IMM | {IND, X) ; Implied | | implied ABS ABS 
22 26 1 2 12 3°44 3 6 
Relative | (IND), Y Ll 
SBC INX CPX 
(IND, X) Implied ABS 
2 6 1 2 
BEQ SBC ‘ SED 
Relative | (IND), Y 2: Implied 
(see aes er ano 1 2 
0 1 2 3 4 5 6 7 8 9 A 8 Cc D E F 
Q “Add 1 to N if page boundary is crossed. 
BRK | —OP Code **Add 1 to N if branch occurs to same page; 
0 | Implied | —Addressing Mode add 2 to N if branch occurs to different page. 


1 7 | —Instruction Bytes; Machine Cycles 
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APPENDIX B 
KEY REGISTER SUMMARY 





CPU Registers Processor Status Register 

7 o 7 6 s 4 3 2 1 Qo 

A ] accumuLaToR A 

7 a 

INDEX REGISTERY = CARAY (6) (1 

7 G 1 = Carry Set 

(XT tNvex recisTER x x 0 = Carry Clear 
15 7 0 Zere (2) (1) 
[PHY PCL PROGAAM COUNTER Pc 

7 0 1 = Zero Result 

0 = Non-Zero Raault 
STACK POINTER 8 


7 0 


IN[v] [® [0]! [z]©}] Processor sTaTUS REG P 


INTERRUPT DISABLE (I) (2) 


1 = [RQ interrupt Disabled 
0 = IRQ Interrupt Enabled 





DECIMAL MODE (D) {1) 


+ = Decimal Mode 
Q = Binary Mode 





BREAK COMMAND (B) (1) 
1 = Break Command 


QO = Non-Break Command 
—————— ers OVERFLOW (0) (1) 

1 = Overilow Set 

0 = Overflow Clear 


Mode Control Register 





ADDR 0014 











(1) Not initialized by RES 1 = Negative Value 
COUNTER (2 Set to Logic 1 by RES 0 = Positive Value 
SELECT MODE 
BUS MODE 
SELECT 
NOT USEO Li) Q INTERVAL TIMER 
r) 1 PULSE GENERATOR 
1 0 EVENT COUNTEA 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT - 
0 = 6500/6800 BUS Interrupt Enable and Flag Registers 
1 = zaqv/eoso BUS 
“INT SELECT 
0 = PCE IER ADDR 0012 
1 = INT 
0 0 PORTS ALL INPUTS 
0 1 PORT BA ALL OUTPUTS 
1 0 ABBREVIATED BUS MODE 
1 1 MULTIPLEXED BUS MODE 


ADOR 0011 


Host Status Flag Register 








Pag POSITIVE 
EDGE DETECT 


INTERRUPT ENABLE 


HSFA ADDR OO1E 


PA1 NEGATIVE 
EOGE DETECT 
INTERRUPT ENABLE 
INTEANAL INTERRUPT 
REQUEST, IRG ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 


INT-1t ENABLE 
INPUT DATA REGISTER 
FULL FLAG EXTERNAL INTERRUPT REQUEST 2, 
5 INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


OUTPUT DATA REGISTER 


Ss Host Addressing Matrix 


COPIES RS ON 
WRITE FROM HOST 
COMMAND 
STATUS FLAG INPUT 
GENERAL PURPOSE 


FLAGS STATUS REGISTER 





DATA REG DATA REG 
OUTPUT INPUT 
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C.2 I/O AND INTERNAL REGISTER ADDRESSES 








ADDRESS READ , WRITE 


001F _-— —_— 
1E Host Status Fiag Register Host Status Flag Register 
iD sone zen 
1C Input Data Register (IDR) Output Data Register (ODR) 


1B —— —— 

1A Lower Counter Lower Latch 

19 Lower Counter & Clear Flag (IFR5) Upper Latch/Transfer Latch to Counter & Clear Flag (IFR5) 
18 Upper Counter Upper Latch 


17 
16 
15 
14 














Mode Control Register 


13 -— —_—— 

12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register -_-— 

10 Read "FF” Clear Int Flag Bit 


OF 
OE 
0D 
0c 


0B 
0A 
og 
08 


07 
06 
05 
04 


Q3 -—— pean 
02 Port C Port C 
01 Port B Port B 
00 Port A Port A 


Mode Contro! Register 














C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS 


PIN NUMBER VO ABBREVIATED PORT MULTIPLEXED PORT 
R65410 R6500/43 FUNCTION FUNCTION FUNCTION 
AO 


Al 
A2 
A3 


PC4 RW RW 
PC5_ EMS _ EMS _ 
PC6/INT PC6/INT PC6/INT 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


Maximum Ratings 


rating dS 
Commercial 


This device contains circuitry to protact the inputs against damage due to high static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum. rated voltages to this circuit. 







D.C. Characteristics (Vo, = 5V + 5% Vsz_ = 0) 





CHARACTERISTIC SYMBOL MIN TYP MAX UNITS 


Power Dissipation (Outputs High) 


Commercial 0°C to +70°C 






Input High Voltage (Normal Operating Levels) 
















Input Low Voltage (Normal Operating Levels) 
meet Leakage Current —10.0 
Vin = 0 to 5.25 Vde 
Input Low Current 
(Viv = 0.4 Vdc) 


Output High Voltage 


(Veco = min, lig = —100 wAdc) 


Output High Voltage Vemos Veo —-30% 
(Vec = min) 












Output Low Voltage 
(Vee = Min, leas = 1.6 mAdc) 


Output High Current (Sourcing) 
(Von = 2.4 Vde) 


Output Low Current (Sinking) 
(Vo. = 0.4 Vdc) 


Darlington Current Drive, PE* 
(Voy = 1.5 Vdc) 


Output Low Current, PE* 
(Vo. = 0.4 Vde) 


Input Capacitance: 
(Vin ~ 0, Ta = 25°C, f = 1.0 MHz) 


PA, PB, PC, PF*, PG* 
Output Capacitance 


10 
(Vin _ 0, qh = 25°C, Je es MHz) ae ee ee ee 
VO Port Resistance . R, 14.5 KO, 
PAO-PA7, PCO-PC6 
PFO-PF7, PGO-PG7 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. Veg = 5V + 5% *R6500/42 only 
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APPENDIX E_ 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES E.2 CLOCK TIMING 
1. Voc BV 5%, 0°C <= Ta = 70°C 


2. A valid Voc — RES sequence is required before proper 
operation is achieved. 





3. All timing reference levels are 0.8V and 2.0V, unless other- 
wise specified. 


4. All time units are nanoseconds, unless otherwise specified. 








5. All capacitive loading is 130 pF maximum, except as noted 
below: 







Tr. Te Output Clock 
Rise, Fall Time 





PA, PB — 50 pF maximum : 
PB, PC (I/O Modes Only) — 50 pF maximum 
PB, PC (ABB and Mux Mode) — 130 pF maximum See 
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E.3 ABBREVIATED MODE TIMING—PB AND PC 


(MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 












re 
SYMBOL PARAMETER 
| Max | Min | max | 


(PCS) R/W Setup Time 22s | — | 140 | 
ae ee ee ee ees 
Finn [aba soup tne it = | — T=] — 
Fan |e) Oa rend oc ew ff = Pa | — 
[Fam [60a wie oatine || — [0] —] 
Tina [8) 0am ouput Oey — eT 
eu [Pore ntaen neat [| - ta] — | 
Tem [Pos RWHoe Tne fo po | 
fee foes Bream fw = Te T= 
bes 


Tecve _|(PC4) EMS Stabilization Time | 30 | 
EMS Setup Time 


NOTE 1: Values assume PCO-PC5 have the same capacitive load. 



















Tesu 








E.3.1 Abbreviated Mode Timing Diagram 


READ WRITE 





2 


—» -—— TPCHA 


(ros | Wi WU), 


——————»| TPCAS 























fe] [aq TPCHV 

—MS: 

ree -—— Tesu 

TPCVP 
TPCHA 
+ 
Treas TPBDO 
TPBSU - > 
PBO-PB7 a Th 


TPBHA TPBHW 
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E.4 MULTIPLEXED MODE TIMING—PB AND PC 


(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 


SYMBOL PARAMETER 


(PC5) R/W Setup Time 





Trcas (PCO-PC3) Address Setup Time 


(PB) Address Setup Time 
(PB) Data Setup Time 
(PB) Data Read Hold Time 


co 
fen 
ce 
=A 
es 
Es 
ne 
30] 
ro] 
Poo | 
20] 








(PB) Data Output Delay 





NOTE 1: Values assume PCO-PC5 have the same capacitive load, 






E.4.1 Multiplex Mode Timing Diagram 





READ WRITE 


fe | \ 





























= TPaDD 
TPasu ——___—_____» 





= DOO OD 


— 








| 
Tomas +PBHR TPAHW . 






3-283 





R6541Q and R6500/43 Intelligent Peripheral Controllers 








E.5 1/0, EDGE DETECT AND COUNTER TIMING 


, | aMHz | atte 
SYMBOL PARAMETER 
race) nme a [a 


Internal Write to Peripheral Data Valid 
PA, PG TTL 
PA, PC CMOS 
PB 
Peripheral Data Setup Time 
PA, PC 
PB 


Peripheral Data. Hold Time 





PA, PC 
PB 


PAO-PA1 Edge Detect Pulse Width 














PA2 Input Pulse Width 
‘PA2 Output Delay 





PAO-PA? 
PB0-PB7 
PCO-PC7 





Edge Detects 
(PA0-PA1) 














PBO-PB7 © 


PAO-PA? 
PAO-PB7 
PCO-PCE 
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E.6 MICROPROCESSOR TIMING (DO-D7, 
A0-A12, A15, SYNC, R/W) 


SYMBOL PARAMETER 










: 
tm 
wn 


R/W Setup Time 


: | Min | 
! Eee 
Po fer [=P 
Time 
me | 10 | 







[Tew [00-07 Write Hoid Time | 30 | — hs 
Taos DO-D? Write Output — | 175 
eae Delay 
SYNC Setup 
3 


Q 


Tacc External Memory Access 

Time Taco 9 Tere —Ter— 

Taos T osu 

SYNC Hold Time | 90 | 


77) 

oO 

aes 
ii] af BLE 
































nN 
un 
a 
a 





E.6.1 Microprocessor Timing Diagram 


REO 
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SECTION 4 
MEMORY PRODUCTS 


Product Family Overview ...........0.0 0.0200. c cece tee eens 


Masked ROMs 

R2332A and R2332B 32K NMOS Static ROM ...............0. 0.000. cee eee eee 
R2364A 64K NMOS Static ROM ............ 0.0000 c cece cece eee eee eens 
R2364B 64K NMOS Static ROM ..........0.0.0.00.0 020 cece eee eee eee eee 
R23C64 64K CMOS Static ROM ........... 000 ccc cece eee cece e eee aes 
R23128 128K NMOS Static ROM..........0 000 cece eee eee eee eeneees 


UV Erasable and One-Time PROMs 

R27C64P 64K CMOS One-Time PROM ............ 0.000 cece eee eee 
R87C32 32K CMOS UV EPROM ...................-0.0005 fe eee eras eee 
R87C64 64K CMOS UV EPROM ......... 0.0.0: cece eee eee enes 


EEROMs 

AS5213/2816-16K: EEROM 3: rcccc. is cde Whee ea tee SRR ORR ae et 
R526833 64k latched EEROM iiiiocoruresvees iy tewehern ye eed ete eee eeee ees 
R2816A and R5516A 16K Latched EEPROM with Timer....................200040. 


NVRAM 
R2000 64 x 8 Non-Volatile RAM.........0.... 0.0. cee ee eee eee eee eens 


EPROM Pinouts Guide ................0 0.0. ccc ce eee eee eee eens 
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MEMORY PRODUCTS | 
System ROM, Advanced CMOS and EEPROM 


Multi-chip systems need memory. How much and what ..... 10 millisecond/byte erase/write time and unlimited read 
type is up to the designer. Some memory devices are high « “ ¢ycles. Each byte may be erased and written a minimum of 
volume, low price products. Some are tougher to produce. 10,000 times, with a fast access time of less than 250 ns. 
Rockwell is as good as you can get at tough ROM, custom And, there’s more: the R2816A and R5516A, with on-chip 
coded, made to order, 32K through 128K. So, when you’re timing and data latches. The R2816AH writes a byte in only 
assembling a microprocessor based system, Rockwell can 2 ms while the R5516A improves endurance to at least 
deliver it all, including ROM. 1,000,000 write cycles/byte. 

And, if you’re working on a low power, high speed, So, whatever your system need, Rockwell has the right 
system, Rockwell can supply CMOS ROM. ROM—NMOS, CMOS, UV EPROM and EEPROM. 

For systems needing low-power custom memory, we even Our multi- and single-chip microprocessor and micro- 
offer CMOS UV EPROMs - ROM that can be electrically computers, 8 or 16 bit, are the most usable product line 
programmed and erased with ultraviolet light. available today. And, to help make them even more usable, 

But Rockwell is also into some very new technology, with we also offer memory. 


5V EEPROMs. The new R5213 16K EEPROM has a 


Rockwell Has The Right ROM For Your System 


Part No. Product Description (Nanoseconds) . Package 


NMOS R2816A 16K (2K x 8) 5V Latched EEPROM ~ 24-Pin 
EEPROM | with On-Board Timer CERDIP 
(10 ms Write Cycle)(2 ms Write Cycte* 
(10,000 Write Cycles/Byte) . 


R5213— -25 16K (2K x 8) 5VEEPROM °° -250 24-Pin 
3 --300 CERDIP 
-35 -350 





































“16K (2K x 8) 5V Latched EEPROM ~ 24 Pin 
with On-Board Timer CERDIP 
(10 ms Write Cycle) 
(1,000,000 Write Cycles/Byte) 
R52B33 -2 64K (8K x 8) 5V Latched EEPROM 24-Pin 
-25 CERDIP 
3 






-35 


CMOS R2716P -25 64K (8K x 8) One-Time PROM 
EPROM -350 Plastic DIP 
R87C32 -35 32K (4K x 8) 5V UV. EPROM. ee -350 24-Pin 
45 -450 CERDIP 
55 -550 



















R8&7C64 -2 64K (8K x 8) 5V UV EPROM -200 28-Pin 
-25 -250 CERDIP 
-35 -350 


R23C64 -15P 64K (8K x 8) Static ROM 28-Pin 
-25P, -25PE Plastic DIP" 

-3P 

-35PE 



































NMOS R2332A2 -2P 32K (4K x 8) Static ROM 24-Pin 
ROM -25P, -25SP, -25EP Plastic DIP! 
-3P, -3SP, -3EP 






-P, -SP, -EP 


R2364A -2P 64K (8K x 8) Static ROM -200 24-Pin 
-25P -250 Plastic DIP! 
-3P, -3SP, -3EP -300 
R2364B -3P, -3SP, -3EP 64K (8K x 8) Static ROM 28-Pin 
Plastic DIP? 
R23128 -25P, -25EP 128K (16K x 8) Static ROM -250 28-Pin 
-3P, -3EP -300 Plastic DIP? 
















NOTES: LEGEND... 
1. Also available in ceramic DIP. é 3. R2816AH only. A = T.l./Motorola JEDEC E = Ext. Temp. (—40° to 85°C) 
= Standby power 


2. Also available in alternate 24-pin pinout (R2332B _ __ __). 5 
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R2332A and R2332B 
Memory Products 


€ 8 R2332A AND R2332B 


32K (4K x 8) STATIC ROM 
Rockwell CS ee) ooo 





DESCRIPTION 


The R2332A and R2332B ROMS are 32,768-bit static Read- 
Only Memories (ROMs}, organized as 4,096 eight-bit bytes, that 
offer maximum access times of 200 to 450 nanoseconds, 
respectively. These ROMs are in industry-standard 24-pin, dual 
in-line packages, and are available in ceramic or low-cost plastic. 
These fully-static 32K-bit ROMs are compatible with 8-bit NMOS 
microprocessors, including the R6S500 family of microprocessors. 

















CHIP 
SELECT 
DECODER 







POWER 
DOWN 
ACT/STBY 








All R2332A and R2332B ROMs operate totally asynchronously Qo 
and require no clock input. These devices provide tri-state out- Qi 
put buffers for memory expansion. These ROMs offer TTL input o Q2 
and output levels with a minimum noise immunity of 0.4 volts. 68 acer a3 
The mask-programmable chip enable input (E/E) may be oro- i 5 CELL ARRAY Q4 
grammed to function as a chip select without power down z= Qs 
standby mode or as a chip enable with power down standby 2 a6 
mode. The active level of the enable input is also programmable. Q7 


FEATURES 
COLUMN 
DECODER 
(1 OF 32) 





e 4,096 x 8 organization 

e Access time: 200 ns, 250 ns, 300 ns, and 450 ns (max.) 

e Low power dissipation is 125 mW active, 37.5 mW standby 
e Drives two TTL loads and 100 pF 

e Single +5V + 10% power supply 

e Totally static operation, no input clock required 

# Completely TTL compatible 

e Mask-programmable chip enable and chip select 

e Tri-state outputs for memory expansion R23328 


ORDERING INFORMATION 


Part Number: R2332 


A7 AB AS A10 Al1 


R2332A and R2332B Block Diagram 


~~ 


C = Ceramic 
P = Plastic 
Temperature Range: 
No letter = O°C to +70°C 
E = -40°C to +85°C 


Power Down Standby Mode: 
S = Yes 
No letter = No 


oanoameaeuwns — 
woeornananeaas nh = 


ke 
yb = 90 


Access Time (Max.): 
2 = 200 ns 


25 = 250 ns 
Note: Submit ROM 3 = 300 ns 


codes using Rockwell 
ROM Code Order 
Form, Order No. Model: 

2137. A = R2332A 


B = R23328 R2332A and A2332B Pin Configuration 


“Mask-programmable option 
“N = No effect on selection/enable logic, however, no voltage 
other than logic levels shall be applied. 


No number(s) = 450 ns 
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R2332A and R2332B 


32K (4K x 8) Static ROM 





ABSOLUTE MAXIMUM RATINGS” 





-0.5 to +7.0 
°C 


Temperature Under Bias 
Commercial 
Industrial 


—10 to +80 


~50 to +95 ae 


—65 to +150 {ec | 





input High Voltage 
Input Low Voltage 


Input Load Current 


aa Output Leakage Current 


Power Supply Current, Active 
Power Supply Current, Standby’ 


input Capacitance? 





“NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device. at 
these or any other conditions above those indicated in the 
operational sections of this specification is not. implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 








Vec = 5.5V, chip deselected, © 
Vout = +0,4V to Vee 


Voc = 5.0V, chip deselected, pin 
under test at OV, T, = 25°C, 





Output Capacitance? 


1. Applies only to chip enable with power down standby made. 
2. This parameter is periodically sampled and is not 100% tested. 





Parameter 
Address Valid to Address Don't Care 
Chip Enable Low to Chip Enable High? 
Address Valid to Output Valid (tacc) (Access) 


Address Valid to Output (tox), Invalid 


Chip Enable Low to Output (tcp) Invalid — 


1. Test Conditions: 


f = 1 MHz 














Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0V. 
2. Mask-programmed for chip enable with power down standby mode... 
3. Mask-programmed for chip enable without power down standby made. 


4. Add 20 ns for extended temperature devices (— 40°C to +85°C). 
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R2332A and R2332B 


32K (4K x 8) Static ROM 


TIMING DIAGRAMS 





READ CYCLE TIMING 1 
(E HELD Low) 


pied ah ¢ 
INPUTS ADDRESS VALID 




















Q (DATA OUT) "PREVIOUS DATA VALID DATA VALID 
READ CYCLE TIMING 2 taveL 
. ADDRESS 55352 —= Vin 
INPUTS 0505 a eee? A ADDRESS VALID i Vv. 
teLen 
= —* Vin 
E (CHIP ENABLE) Vie 
tetav tenaz ba 
teLtax ——+ ” 
Q (DATA OUT) HI Z eeeteictatats DATA VALID HIZ MF vu 
OL 
cis i ae i 
Veg SUPPLY ce SS SSeS 
CURRENT Isp teHaz 
as terav : 
G (CHIP SELECT) 


(SHOWN ACTIVE LOW) 





TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE SUPPLY CURRENT VS SUPPLY VOLTAGE 
70 70 





























50 
< ¢ 40 
E il) 
8 8 20 
ACCESS TIME “ 
vs 
AMBIENT TEMPERATURE Mm 























0 : 
=60° -30° 4° 30° 60° 90° 120° 150° 





T,—Ambient Temperature—°C 


Vec— Volts 











tacc—ns 











Voc = 5.0V 


2 TTL LOADS 
CL = 100 pF 
-60° -30° o° 630° =660°) = 90° 120° «150° 


T,— Ambient Temperature—°C 
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R2332A and R2332B 





32K (4K x 8) Static ROM 
PACKAGE DIMENSIONS 


24-PIN CERAMIC DIP 


24-PIN PLASTIC DIP 








1.230 
0.530 
k— 0.45041 





0.050 
0.020 
— 
MAX. 
ae 0.015 a 
eH 


este 1 nine tt 


| fj 9.11 
0.040 0.023 9.032 REF 5.090 
0.015 





0.008 


: 0.600 
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R2364A 
Memory Products 


a a R2964A 


64K (8K x 8) STATIC ROM 
Rockwell eee 





DESCRIPTION 


The R2364A2, R2364A25 and R2364A3 are 65,536-bit static 

Read-Only Memories (ROMs), organized as 8,192 eight-bit bytes, 

that offer maximum access times of 200, 250 and 300 nano-: 

seconds, respectively. These ROMs are in industry-standard 

24-pin, dual in-line packages,‘ and are available in ceramic or 
~ low-cost plastic. These fully-static 64K-bit ROMs are compatible 

with all eight-bit N-channet microprocessors, including the R6500 
family of | microprocessors. 


All three R2364A. ROMs operate totally asynchronously, and 
require no clock input. These devices provide tri-state output 
~buffers for memory expansion. The R2364A ROMs offer TTL 
input and output levels with a minimum noise immunity of 0.4 
volts. 


The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. - 


65,536 BIT. 
ROM 
CELL ARRAY 





ROW DECODER 
(1 OF 256) 
OUTPUT BUFFERS | 





COLUMN 
: DECODER 
FEATURES (1 OF 32) 
_@ 8,192 x 8 organization | 
-e Access time: 200 ns, 250 ns, and 300 ns (max.) . AB AQ A10 A11 A12 
e Low power dissipation: 125 mW active, 37.5 mW standby ; = 
e Drives two TTL loads and 100 pf R2364A Block Diagram 


e Single +5V + 10% power supply 
e Totally static operation, no. input clock required 
e Completely TTL compatible 
e Mask-programmable chip enable 
-e@: Tri-state outputs for memory expansion 


‘ORDERING INFORMATION 


Pant Number: R2364A—— as 
: —_— 
L_ Package: 
.C = Ceramic 
“Pp = Plastic 


Temperature Range: 
No fetter = O°C to +70°C 
E = —40°C to +85°C 


oon ogawnpn = 


Power Down Standby. Mode: 
' $ = Yes 
No letter = No 


Access Time (Max): 
“Note: Submit ROM codes using the 2 = 200 ns 
Rockwell ROM Code Order Form, 25 = 250 ns 
Ordar No. 2137. = 3 = 300 ns 


*Mask-programmable option 





R2364A Pin Configuration 





* Document No. 29000D63 Data Sheet Order No. D63 
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R2364A 


64K (8K x 8) Static ROM 





ABSOLUTE MAXIMUM ee | 


[Symbol] vatve [Unit] 
Eiveer S ewarel| we | 
Py | 0s 0 | ee 
Yeu | =a sa |v | 


Para im eter 


Output Voltage 


Temperature Under Bias 


*NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. :This is 
a stress rating only and functional operation of. the device at 
these or any other conditions above: ‘those indicated.‘ in. the 
Operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended Penade 
may affect device reliability. 


Commercial 
industrial 


—10 to +80 
—50 to +95 


Storage Temperature Tsrg | —65 to +150 








DC CHARACTERISTICS 
Voc = 5.0V + 10%, Ty = 0°C to 70°C (unless otherwise specified) 


Parameter 


Output High Voltage 
Output Low Voltage 
Input High Voltage 


* Input Low Voltage 
Vout = +0.4V to Voc 








Test Conditions 





Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C 


“f=1 MHz 





1. haplise only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 
AC CHARACTERISTICS 
Voc = 5.0V + 10%, Ta = O°C to 70°C puniess. otherwise = Se 
a 
| to | 
j taven | 


Chip Deselection to Power Down Time? 
tave Address Valid to Chip Enable Low 


Chip Select Low to Output Invalid? 
Chip Select High to Output High Z 


Notes: 
1. Test Conditions: 
Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V, Output: 0.8V, 2.0V. 
2. Mask-programmed for chip enable with power down standby mode. 
3. Mask-programmed for chip enable without power down standby mode. 
4, Add 20 ns for extended temperature devices (—40°C to +85°C). 














R2364A. 


64K (8K x 8) Static ROM 





TIMING DIAGRAMS 


READ CYCLE TIMING 1 (E HELD LOW) 


ADDRESS 


Q (DATA OUT) 


DATA VAUD 
READ CYCLE TIMING 2 


ADDRESS 


ADDRESS VALID — 


E (CHIP ENABLE) 


Q (DATA OUT) 





Voc SUPPLY cg 


CURRENT Igg 





TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE SUPPLY CURRENT VS SUPPLY VOLTAGE 


loc—mA 





lec = mA 














fe) 
-60° -30° 0" 30°60" 80": 120° =: 150° 


Ta—Ambient Temperature—°C 





§0 55 


Vec—Volts 
ACCESS TIME VS AMBIENT TEMPERATURE 





60° -30 Of 


30° 
T,a—Ambient Temperature—°C 
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R2364A | 64K (8K x 8) Static ROM 
PACKAGE DIMENSIONS 


24-PIN CERAMIC DIP 24-PIN PLASTIC DIP 


[fs 


Pa. 
(all 
J 0.110 = 700 8 | 


ome = [o.ozs 023 =o 032 Sa 0.080 0.600 
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R2364B 


Memory Products 


R2364B 


64K (8K x 8) STATIC ROM 





Rockwell 


DESCRIPTION 


The R2364B2, R2364B25 and R2364B3 are 65,536-bit static 
Read-Only Memories (ROMs), organized as 8,192 eight-bit bytes, 
that.offer maximum access times of 200, 250 and 300 nano- 
seconds, respectively. These ROMs are in industry-standard 
28-pin, dual in-line packages, and-are available in ceramic or 
low-cost plastic. These fully-static 64K-bit ROMs are compatible 
with all eight-bit N-channel microprocessors, including the R6500 
‘family of microprocessors. 


All three R2364B ROMs operate totally asynchronously, and 
require no clock input. Three mask-programmable chip select 
inputs allow up to eight 64K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The A2364B ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 


The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. 


FEATURES 

® 8,192 x 8 organization 

Access time: 200 ns, 250 ns and 300 ns (max.) 

Low power dissipation: 125 mW active, 37.5 mW standby 
Drives two TTL toads and 100 pF. 

Single +5V +10% power supply 

Totally static operation, no input clock required 
Completely TTL compatible 

Three tri-state mask-programmable chip select inputs 
Mask-programmable chip enable 
Tri-state outputs for memory expansion 


ORDERING INFORMATION 


Part Number: R2364B 





——~| | L-- Package: 
C = Ceramic 
&) P = Plastic 
Temperature Range: 
‘No fetter = 0°C to +70°C 
E = —40°C to +85°C 


Power Down Standby Mode 
S = Yes. 
No letter = No 


Access Time (Max): 





_ Note: Submit ROM codes using 2 = 200 ns 
Rockwell ROM Code Order 25 = 250 ns 
Form, Order No. 2137 


3 = 300 ns 


G/GIN 
$1/51N 


CHIP 
- SELECT 
DECODER 


65,536 BIT 
ROM 
| CELL ARRAY 





(1 OF 256) .. 
OUTPUT BUFFERS 


ROW OECODER 


COLUMN 
DECODER 
_°+ (4 OF 32) 


A8& AS A10A11 A12 





R2364B Block Diagram 


vec 
$2/S2/N* 
S1/ST/N* 


OONanewn s- 


ee ee ee 
ea wn & 


*Mask-programmable option. : 
N = No effect on selection/enable logic, however, voltage other 
than logic levels shalt not be applied. 





A2364B Pin Configuration 


Document No. 29000D62 


Data Sheet Order No. D62 
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R2364B | 64K (8K x 8) Static ROM 
ABSOLUTE MAXIMUM RATINGS* 


[—Perameter [Symbol [Van [ona | 
[sippy Vorege | Vee =| 05 +70 | vex | 


Vec 
Temperature Under Bias Ta 
Commercial 
Industrial 
Storage Temperature 
Power Dissipation oP 


DC CHARACTERISTICS 








“NOTE: Stresses above those listed under “Absolute Maximum’ 
Ratings” may cause permanent damage to the device- This is 
a stress rating only and functional operation. of the device at 
these or any other conditions above these: indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. os 
























—10 to +80 
—50 to +95 


—65 to +150 








Veco = 5.0V + 10%, Ta = O°C to 70°C (unless otherwise specified) 
Parameter ' ‘Test Conditions 
Voc = 4.5V, lon = —400 uA 


| vou | Ghee er ere 


Vou 
Vou | 
Vin 
Vit 
hu 
flo 
loc 











Pot wile. Voc = 5.5V, OV < Vin < 5.5V_ 
| Vee = 5.5V, chip deselected, 
Vout = +0.4V to Vec 


Veo = 5.5V 








Voc = 5.0V, chip deselected, pin | 
under test at OV, Ta = 25°C 


Output Capacitance? f = 1 MHz 











Notes: 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS 
Voc = 5.0V + 10%, Ty, = O°C to 70°C {unless otherwise specified) 















Address Valid to Address Don't Care 


Chip Enable Low to Chip Enable High? 200 
Address Valid to Output Valid (tacc) (Access) 
Chip Enable Low to Output Valid (Access)? 











ae 
Address Valid to Output (tox) invalid | 10 | | 10 | 
Chip Enable Low to Output (t¢o) Invatid | 10 | | 10 | 
Chip Enable High to Output High Z (tor) | 10 | 7o* | 10 | 70% | 
Chip Selection to Power Up Time? fo | | 0 | 
Chip Deselection to Power Down Time2 es P| 
Address Valid to Chip Enable Low za | 0 
Chip Select Low to Output Valid? 


Chip Select High to Output High Z | 10 | 704 | 10 | 704 704 


4. Add 20 ns for extended temperature devices (—40°C to +85°C). 
5. G may be delayed up to tayoy — tgioy after the falling edge of E 







1. Test Conditions: 


Output Load: 2 TTL Loads and 100 pF; (nput Transition Time: without impact on taygy. Data is available at the Q outputs after a 
20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0V. delay of taiqy from the falling edge of G, provided that E has been 
2. Mask programmed for chip enable with power down standby mode. low (V,,) and addresses have been valid for at least tavay - tacav. 


3. Mask programmed for chip enable without power down standby mode. 6. tgyqz and tengz are specified from G or E, whichever occurs first. 
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R2364B ~ 64K (8K x 8) Static ROM 


TIMING DIAGRAMS 
READ CYCLE TIMING 1 ( HELD LOW) 


ANPUTS, SOS __ADDRESS VALID 





Q (DATA OUT) .PREVIOUS DATA VALID — DATA VALID. | 


READ CYCLE TIMING 2 


ADDRESS yoma 


taver . : 
INPUTS | RK | _ _ADDRESS VALID 


E (CHIP ENABLE) 


tenaz | 


Q (DATA OUT) EO DATAVALID =| ~~» HIZ- so 
OL 





1 tro [+ 
Vee SUPPLY cc ~~ -—-—— > - 
CURRENT Isp ‘ene 
G/S1/S2 
(CHIP SELECTS) 
(SHOWN ACTIVE LOW) 





TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 


SUPPLY CURRENT VS 








loc—mA 











ACCESS TIME VS 
AMBIENT TEMPERATURE 




















Ceo go 80" 80" 120" 150° 35 40 45 50 55 60 65 70 


Ta—Ambient Temperature—°C 








tacc—ns 


Vcc = 5.0V : ; 
2 TTL LOADS 
C. = 100 pF 
ou : 
-60° -30°?. 0° 30° 60° 90° 120° 150° 











Ta—Ambient Temperature—°C 
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R2364Bti«js 64K (8K x 8) Static ROM 


PACK AGE DIMENSIONS 


N PLASTIC DIP 
28-PIN CERAMIC DIP 26-Pl IC 


PIN NO. 1 


(1.470) 





ie (1.480) | laa: 1500) = 


rT 


(015) 
(008) 
{-600) 
(085) (.023) -032 REF ¢ 1449) 


(.015) (090) (125) (020) 
(155) (.065) 
(.125) (.015) 
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R23C64 


Memory Products 





g R23C64 


64K (8K x 8) CMOS STATIC ROM 
Rockwell ( ) 


| PRELIMINARY 
DESCRIPTION 


The Rockwell R23C64 is an 8K x 8 (65,536 bits) CMOS static 
read-only-memory (ROM) housed in a 28-pin JEDEC standard 
(B version) package. It is fabricated in CMOS technology to 
achieve high performance with extremely low power dissipation. 
This device is available with maximum access times of 150, 250, 
or 300 nanoseconds, optional extended temperature range, and 
packaged in ceramic or low-cost plastic. 


The R23C64 is controlled via the chip enable (E) and the mask 
programmable chip selects. (G/G/N, S1/S1/N, S2/S2/N). The 
addresses are latched on the falling edge of E, allowing the 
R23C64 to operate on multiplexed busses as well as non- 


7 
multiplexed buses. The chip selects control the output buffers, | ——~} COLUMN DECODER 
however, these buffers do not become active until valid data is 


65,536 BIT 
MEMORY 
ARRAY 


’ 


ADDRESS 
LATCHES 


Thee 
=a 
98. 
cu 

=] 





present from the internal data latches. This prevents spurious, Ww 
invalid outputs that increase power dissipation. When E is high, cdl | 
-the output buffers are in the high impedance state and the CIRCUITRY 
address and chip select pins are ignored. E may also be held Tt 
low indefinitely, keeping the address latched and the output buf- - CHIP. 
fers under chip select control. St oes 
FEATURES DECODEF = 


¢ 8,192 x 8 organization 
« JEDEC approved pinout 


* Extremely low power oe 
—Active 10 mW (max.) 23064 Block Diagram 





—Active (quiescent) 50 pW 
—Standby 50 »W (max.) 











; vcc 
¢ Fast access times: 150 ns, 250 ns and 300 ns (max.) 97 snisene 
¢ Mask programmable chip selects 26 $1/S1/N* 


* Latched addresses and (optional) latched chip selects 
Drive two TTL toads and 130 pF 

Single 5V + 10% power supply 

Pin compatible with Rockwell A2364B NMOS ROMs and 
A87C64 and R2764 EPROMs 


ORDERING INFORMATION 


Part Number: R23C64__ 
~~~ | L Temperature Range: 
No letter = 0°C to +70°C 
E = -40°C to +85°C 





oon oamnareon — 


Package: 


C = Ceramic 

P = Plastic 
Note: Submit ROM Access Time (Max): 
codes using Rockwell 15 = 150 ns 
ROM Code Order Form, 25 = 250 ns 


prpet NeszIet: ees R23C64 Pin Configuration 







*Mask-programmable option. 
N = No effect on selection logic, however, voltage greater 
than logic level shall not be applied. 
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R23C64 64K (8K x 8) CMOS Static ROM 
ABSOLUTE MAXIMUM RATINGS* 


"NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
Temperature Under Bias may affect device reliability. 

Commercial —10 to +80 

Industrial —50 to +95 









Test Conditions 
Voc = 4.5V, lon = -200 wA + 130 pF 
Vee = 4.5V, lot = 3.2 mA.+ 130 pF 





1 Vo | Output Low Voltage” 


Input High Voltage 


eee 
ae 
[ipa tow votage «dt 
: aw 
















Parameter Min | Typ | Max | 
0.4 











Input Load Current ; 


Vin 

Vu | 

lu 

lLo Output Leakage Current 

lec Power Supply Current, Active ed 
1 


Veo = 5.5V, OV < Vij < 5.5V 


Voc = 5.5V, chip deselected, 
Vour = +0.4V to Veg 


Tetav = 150 ns!, Voc = 5.5V 
TeLav = 300 ns’, Veg = 5.5V 


E = Voc —0.5V; all other pins active 


Voc = 5.0V, chip deselected, pin under 
test at OV, T, = 25°C, f = 1 MHz 























| isa Power Supply Current, Standby 


Lei Input Capacitance (all but E) 
(E) 


Output Capacitance? 


Notes: 
1. Teen = 150 ns, all pins active, no loads, 1 «sec cycle time (Tete. = 1 us). 
2. Tete = 300 ns, all pins active, no loads, 2 usec cycle time (Teer = 2 us). 
3. This parameter is periodically sampled and is not 100% tested. 
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R23C64 64K (8K x 8) CMOS Static ROM 





AC CHARACTERISTICS 
Voc = 5.0V + 10%, Ty = 0°C to 70°C (unless otherwise specified) 
R23C64-15 R23C64-25 


Peramoe [win | Mor [ Min | mor 
Cycle Time 220 sa 













R23C64-3 










Symbol 


teveL 








teen Chip Enable Low to Chip Enable High 450 





= 


Chip Enable High to Chip Enable Low 
Chip Enable Low to Output Valid (Access) ~ 


| 60 
Kania 
Address Setup Time fo 
eee 
ea 
| 


teHEL 


tetav 





taveL 





Address Hold Time 

Chip Select Valid to Output Valid ~ 
Chip Enable High to Output High Z 
texaz* Chip Selects Invalid to Output High Z 


te, tp Rise and Fail Times?! 


leLax 


tevov 





af o 
Oo; oO 














Notes: 

1. Test Conditons: Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0V. 

2. Rise and Fall times stated are required for these high performance parameters only and may be relaxed to 100 ns for slower operation, 
e.g., 100 kHz operation. 

3. G may be delayed up to tayqy-tevay after the falling edge of E without impact on taygy. Data is available at the Q outputs after a delay of 
teLav from the falling edge of G, provided that E has been low (V\.) and addresses have been valid for at least taygqy-te_ay. 

4. teuoz tenoz are specified from G or E whichever occurs first. 





| TIMING DIAGRAM 
READ CYCLE TIMING 


tave 


(XXX) 4 ee XX ) 4,4;0; 0,000 0:0.4,0.9.0,0.0.0.0.0, / CYYN YY 
ADDRESSES \Y\WY\YKADDRESSESR YY Oy KR KKK KK KKK KY 


S182 | EO AXX MXM AXX ARK A 


0 _ 
CHIP SELECTS x RO OOK 


Q (DATA OUT) 
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R23C64 


PACKAGE DIMENSIONS 


2&-PIN CERAMIC DIP 





(185) (.065) 
(125) (015) 


64K (8K x 8) CMOS Static ROM 








38-PIN PLASTIC DIP 





(1.470) — 


(140) (610) 
aed =] ‘y }-~¢520) 590) 





(015) ° 


(.008) - 
(085) 4 ! eee A) 
i as | |. A (600) —Fl 
023) O32 REF (110) (150) (.060) 
(045) (090) (5) 125) (a 








R23128 


Memory Products 


@® R23128 


128K (16K x 8) STATIC ROM 
Rockwell ( 





DESCRIPTION 


The R231 28-25 and R23128-3 are 131,072-bit static Read-Only 
Memories (ROMs), organized as 16,384 eight-bit bytes, that 
offer maximum access times of 250 and 300 nanoseconds, 
respectively. These ROMs are in industry-standard 28-pin, dual 
in-line packages, and are available in ceramic or low-cost plastic. 
These fully-static 128K-bit ROMs are compatible with all N- 
channel microprocessors. 


The R23128 ROMs operate totally asynchronously, and require 
no clock input. Three mask-programmable chip select inputs 
allow up to eight 128K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The A23128 ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 voits. 


131,072 BIT 
ROM 
CELL ARRAY 


ROW DECODER 
(1 OF 512) 


The chip enable input (E) functions as a chip enable with power 
down standby mode. When this line is high the chip is disabled 
and enters a low power standby state. 


OUTPUT BUFFERS 


FEATURES 
e 16,384 x 8 organization bytes COLUMN 
e Access time: 250 ns and 300 ns (max.) DECODER 


(1 OF 32) 


Low typical power dissipation is 100 mW active, 20 mW 
standby 













e Drives two TTL loads and 100 pF AQ A10 A11A12A13 
e Single +5V + 10% power supply : 
e Totally static operation, no input clock required Fi23126 Block Diagram 
e Completely TTL compatible 
e Three mask-programmable chip select inputs : vec 
e Tri-state outputs for memory expansion 2 S1/STIN* 
3 A13 
4 Aa 
ORDERING INFORMATION 5 Ag 
: 6 Alt 
Part Number: R23128 _ __ _ ? G/GIN’ 
|. a 8 A10 
Package: 9 E 
C = Ceramic ac 
P = Plastic a6 
Qs 
Temperature Range: as 
No letter = 0°C to +70°C a3 
E = —40°C to +85°C 
Note: Submit ROM A sos 
: : Mask-programmable option. 
Acs ACSES Time (Max): N = no effect on selection/enable logic, however, voltage 
eee omy aonm 2308 greater than logic levels shall not be applied. 





Order No. 2137 3 = 300 ns 


R23128 Pin Configuration 


Document No. 29000M03 Data Sheet Order No. MMO3 
4-19 Rev. 2, March 1984 











R2312 128K (16K x 8) Static ROM 





ABSOLUTE MAXIMUM RATINGS* 










“NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 
may affect device reliability. 





Parameter Symbol Value 


Spey Volaoe “05 to +70 
°C 


Temperature under Bias | T, : 
Commercial -10 to +80 
Industrial —50 to +95 


Storage Temperature —65 to +150 
Power Dissipation Pp Ft | 


DC CHARACTERISTICS 
Veco = 5.0V + 10%, T, = 0°C to 70°C (unless otherwise specified) 
Parameter 


Output HIGH Voltage 


















Output LOW Voltage Veco = 4.59, lor = 3.3 mA 
Input LOW Voltage . Oo ee 
Input Load Current HA | Voc = 55V, OV <= Vi, < 5.5V 


Output Leakage Current + Vec = 5.5V, chip deselected 
Vout = +0.4V to Voc 


Power Supply Current, Active Veco = 5.5V 


Input Capacitance" Vec = 5.0V, chip deselected, pin 
under test at OV, T, = 25°C 
= 1 MHz : 


Output Capacitance’ 





1. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS 
Veco = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 





R23128-25 R23126-3 
Parameter 

Address Valid to Address Don't Care 

Chip Enable Low to Chip Enable High 

Address Valid to Output Valid (tacc) (Access 

Chip Enable Low to Output Valid (Access) 

Address Valid to Output (toy) Invalid 

Chip Enable Low to Output (tcp) Invalid 

Chip Enable High to Output High Z (tp-) 

Chip Selection to Power Up Time 








Chip Deselection to Power Down Time 
Address Valid to Chip Enable Low 
Chip Select Low to Output Valid 





tenaz Chip Select High to Output High Z 

1. Test Conditions: 3. G may be delayed up to tavav-teLtoy after the falling edge of E 
Output load: 2 TTL loads and 100 pF without impact On tayqy. Data is available at the Q outputs after a 
Input transition time: 20 ns delay of tg_ay from the falling edge of G, provided that E has been 
Timing reference levels: Input: 1.5V; Output: 0.8V, 2.0V low (V;,) and addresses have been valid for at least taygy—tetoy: 


2. Add 20 ns for extended temperature devices (— 40°C to +85°C). 4. tenaz and teygz are specified from G or E, whichever occurs first. 
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R23128. 





128K (16K 


x 8) Static ROM 










TIMING DIAGRAMS 


ADDRESS 
READ CYCLE ERTS 
TIMING 1 | 
(E HELD LOW) 


Q (DATA OUT) DATA VALID 





j TaveL " Vv 
gitar il a ADDRESS VALID: a 
teen 
E (CHIP ENABLE) a 


READ CYCLE 
TIMING 2 


Q (DATA OUT): 









Veco SUPPLY !cc 
CURRENT |,, 


— teLav =| teaz |-— 
G/S1 CHIP SELECTS (ACTIVE) — 





(SHOWN ACTIVE LOW) 






TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE SUPPLY CURRENT VS SUPPLY VOLTAGE 


Igge-—MA 


70 





lec—mA. 
Bb 
o 





20 
10 
S60 ~30" o 30 60° 90° 120" 150° ACCESS TIME VS AMBIENT TEMPERATURE °38 4.0 45 50 55° 60.65 7.0 


700 
Ta—Ambient Temperature—°C : 


lace—ns 














2-TTL LOADS 
4 C_.= 100 pF 
-60° -30° ao 30° 60° 30° 120° 180° © 





Ta—Amblent Temperature—°C 
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23128 a 128K (16K x 8) Static ROM 


PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 28-PIN PLASTIC DIP 


(610) 


: (700) 


(045) {600) 
(za) O82 REF (410) ¢.150)_(.060) 
(015) (090) (425) (020) 
(155) (.065) 
(925) (015) 
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Rockwell 


R27C64P 
” _ Memory’ Products 


Wear ge 


R27C64P 


PRELIMINA RY 


FEATURES 


8,192 x 8 organization 

JEDEC approved pin-out 

Low Power 

—Active 80 mW (max.) 

—Standby 525 nW (max.) 

Access times: 250 ns and 350 ns (max.) 
Single 5V power supply 

Static operation, no clocks required’ 
One-time programmable 

TTL compatible inputs and tri-state outputs during both read 
and program mode 


Pin compatible with INTEL 2764A EPROM, Rockwell 
R87C64 EPROM and A23C64 and R2364B ROMs. 


ORDERING INFORMATION: 


Part Number: R27CeaP — — = 


ee Access Time: 
‘25 = 250 ns 
| 35 = 350 ns 


ROW ~ | MEMORY 
DECODERS ARRAY 


COLUMN COLUMN 
eee a, DECODERS. GATING 


contro. [———*}._— vo 


Locic [__——?]_ BUFFERS. 


-_pa0-007 


R27C64P Block pean 


64K « (8K x 8) CMOS ONE-TIME. PROM 


DESCRIPTION | 


The Rockwell R27C64P i is an 8K x 8 (65,536 bits) one-tire pro- 
grammable read-only-memory (PROM). It is manufactured using 
CMOS technology for low power dissipation in both active and 
standby operating modes.:Access times of 250 ns and 350‘ns 
is performance compatible with most 8- bit, and 16-bit 


microprocessors. 


Initially, all bits are in the ‘1’' state. Data. is programmed by 
applying 21V to Vpp a TTL low to E, and a 50 ms. low pulse. 
on P while the desired data is stable on Dq0-DQ7 fines and 
the address is stable on A0-A12 lines. 


The A27C64P is ideal for low-cost permanent memory applica- 


‘tions (prograrh and/or data) in production runs requiring fast pro- 


gramming turn-around either at the factory, distributor/dealer or 


user’s facility. — 





1 
2 
3 
4° 
5 
6 
7 
8 


= «~ © 
—“— © 


_ > =, 
> wh 





‘ADDRESSES 


CHIP ENAGLE 
OUTPUT ENABLE : 


DATA INPUT/OUTPUT 
; = PROGRAM ENABLE 


_R27C64P Pin Names. 





Document No. 29000M18 
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Data Sheet Order No. MM18 
March 1984 










R27C64P | 64K (8K x 8) CMOS OTP PROM 








ABSOLUTE. MAXIMUM RATINGS" 


Symbot| Vane] 
Supply Volage | 

.| Input Voltage 3": * , 

All, except Vpp during 
Programming | —0.3 to Ver +0.3 

Vpp during Programming” ; -0.3 to +22.0_ 


Output Voltage , -0.3 to Vog +0.3 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 

IMUM RATINGS may cause permanent damage to the device. 

This is a stress rating only and functional operation of the device 

at these or any other conditions abéove those indicated in the 

operational sections of this specification is not implied. Exposure 

to absolute maximum rating conditions for extended periods may 
- affect. device reliability. 7 ; 




















Temperature under Bias te] -10to +80 
-. | Storage Temperature — 40 to 125 


Power Dissipation @ 256°C | P- . 



















OPERATING CONDITIONS 











Jt ee eee eee 
““Temperatire Range |° 010 70°C 









DC OPERATING CHARACTERISTICS DURING READ 
Voc ='5.0V +5%,.Ta = 0°C to 70°C (unless otherwise specified) 


Symbol 
| 
[Wee Standby Curent | 


Vpp Current. . 





























Input Leakage: Current . 


| lo | Output Leakage Current Vout = OV to Ver 
C, Input Capacitance? Voc. = 5.0V, chip deselected, pin under test 
cc 


7 = 5 of. | at OV, Ty = 25°C 
ouput Capacitance’ Fl te MO 


1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 








DC OPERATING CHARACTERISTICS DURING PROGRAMMING 
Veo = 5.0V +5%, Ty = 20°C to 30°C, Vpp = 21.0V +0.5V 












[Parameter [win] 
tn [input Leakage Curent | it SS 
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OR 


Rockwell 


R27C64P 
patented Producte: 


R27C64P_ 


64K (BK x 8) CMOS ONE-TIME PROM. 





PRELIMINARY 


DESCRIPTION 8 


The Rockwell R27C64P i is an 8K x 8 (65, 536 bits on-time pro- 
grammable réad-only-memory (PROM). It is. manufactured using 
CMOS technology for low power dissipation in both active and 
standby operating modes. Access times Of 250° ng and 350‘ns 
is performance _compatible with most 8- bit and — 16-bit 


FEATURES 


8,192 x 8 organization 
e JEDEC approved pin-out 
© Low Power 

—Active 80 mW (max.) 

—Standby 525 nW (max.) 
¢ Access times: 250 ns and 350 ns (max.) 
Single 5V power supply 
¢ Static operation, no clocks required 
One-time programmable 
¢ TTL compatible inputs and tri-state outputs during both read 
and program mode 


Pin compatible with INTEL 2764A EPROM, Rockwell 
R87C64 EPROM and R23C64 and R2364B ROMs.. 


ORDERING INFORMATION: 
Part Number: R27C64P _ — pe 
dls Access Time: . 


25 = 250 ns 
‘ 35 = 350 ns 


| row | | MEMORY 
. DECODERS . ARRAY 


COLUMN — "COLUMN 
DECODERS; GATING 


CONTROL Pate se MO: 


LoGic ~ BUFFERS. | 


Dao-Da7 
R27C64P Block Diagram 


Document No. 23000M18 


4-23 


microprocessors. 


a 


Initially, all bits are in the ‘'1” state. Data is programmed by 
applying 21V to Vpp a TTL low to E, and a 50° ms. low pulse 
on P while the desired data is stable on ‘Dq0-DQ7 ines and 
the address is stable on A0-A12 lines. 


The R27C64P is ideal for low-cost permanent memory applies: 


tions (program and/or data) in production runs requiring fast pro- 
gramming turn-around either at the. foeiory, distributor/dealer or 


user’s facility. 





oon aaawnh = . 


+ 
<-> © 


—_ ok ot 
2 wo WN 


- ADDRESSES _ 
CHIP-ENABLE |< 
OUTPUT ENABLE... 
DATA iNPUT/OUTPUT 

__ PROGRAM | ENABLE | 


R27C64P Pin Names 


Data Sheet Order No. MM18 
March 1984 








R27C64P 


64K (8K x 8) CMOS OTP PROM 





ABSOLUTE MAXIMUM RATINGS” 


ame ian | ae 
Supply Voltage ; -0.3t0 +70. ' 


Input. Voltage: #2" OT Mig 
All, except Vpp during 
Programming -0.3 to Vog +0.3 
Vpp during Programming |. ~0.3 to +22.0. 


Output Voltage -0.3 to Veg +0.3 | Vdc: 

Temperature under Bias d TH. -10 to +80 °C 

Storage Temperature. -4010125 J-9c | 
a a eee 


Power Dissipation. @ 25°C 







































OPERATING. CONDITIONS 
“Read Mode | Program Mode 
|! Vpp Supply Voltage | sf. AV FOB 
“Temperature Range Dip 70°C 











*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of tha device 


-at thes® or any other conditions above those indicated in the 


operational sections of this specification is not implied. Exposure. 
to absolute maximum rating conditions for extended periods may 


"affect device reliability. 


DC OPERATING CHARACTERISTICS DURING READ 


Voc =, OV t 5%, Ta = 0°C to. 70°C (unless otherwise specified) 


ymbol_ Parameter 
Von Output High Voltage 



















Vo. | Output Low Voltage 
IH 


Vn | inputHigh voltage | 20 | 


Input Low Voltage 
Voc Standby Current 





' Voc Active Current 





Vpp Current 


Output Leakage Current a ae 





E = Veo, G = Vi. Vin = OV oF Vog 








[ Vw = OV t0 Veo 


pA Vout = OV to Voc : ‘ +7 


Voc = 5.0V, chip deselected, pin under test 








Input Leakage: Current 


lo 
C, Input Capacitance? 
Co Output Capacttance2 


Notes: 
1..Applies only to chip enable with power down standby mode. 








2. This parameter is periodically sampled and is.not 100% tested. 








at OV, Ta = 25°C 
f = 1 MHz 





DC OPERATING CHARACTERISTICS DURING PROGRAMMING 





(Symbol [Parameter 


Voc = 5.0V +5%, Ty = 20°C to 30°C, Vap = 21.0V +0.5V 





-Vpp Active Current 































lw Input Leakage Current 





Vin = OV to Veg. 








R27C64P 64K (8K x 8) CMOS OTP PROM 
AC CHARACTERISTICS DURING READ 
Veco = 5.0V + 5%, Ta = OPC ta 70°C (unless otherwise specified) 


R27C64P-25 
Parameter 


ie [ye 
es a 

as 

oe 








mi} @| 

il Ul 
< 
= 


R27C64P -35 
T 






Test Conditions 


< 
> 


[=] 














I 
G) 
I 
Ea 

7 


<|] 
= 


@l| mi} my 
ll | HN. 
<|ail< 
~ tale 
j< 
- : 


nad 
Notes: 


1. G may be delayed up to tavav-tgiavy after the falling edge of E without impact on tayay. Data is available at the DQ outputs after a delay 
of te_gyv from the falling edge of G, provided that E has been low (V,,) and addresses have been valid for at least tayoy-terav: 
2. touaz and tenoz are specified from G or E, whichever occurs first. 
3. Test Conditions: 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


-_y 
So 





1 














READ TIMING DIAGRAM 


AODRESSES 


ADDRESSES VALID 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


_tenaz 
teHaz 


OUTPUT , RARE ANS: HIGH Z 


tavav taxax 
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R27C64P 64K (8K x 8) CMOS OTP PROM 





AC CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V + 5%, Ta = 20°C to 30°C (unless otherwise specified) 


Test Conditions: 
Output Load: 1 TTL gate and C,_ = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


PROGRAM TIMING DIAGRAM 


PROGRAM 
PROGRAM VERIFY 


Vec 


E (CHIP ENABLE) 


P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) 
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R27C64P. 
OPERATING MODES 


The Rockwell R27C64P has five modes of operation (see 
table 1). 


Read Mode 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be V,. E is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tayay, 
TeLav OF TeLav times, depending on which is limiting. 


Standby Mode 


The standby mode of the R27C64P reduces power dissipation. 
The R27C64P is placed in the standby mode by making 
E = Vi. This is independent of G and automatically puts the 
outputs in their high impedance (High-Z) state. 


Program verify 


Program inhibit 


Table 1. 
Pin 
Mode 


Program inhibit 


No Effect 


64K (8K x 8) CMOS OTP PROM 


Program Mode 


The R27C64P is in the program mode when Vpp is at 21V with 
E input at Vj_. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
tgLoy after the falllng adge of G. 


Program Inhibit Mode 


The program inhibit mode allows programming several R27C64P 
EPROMs simultaneously with different data for each by using 


-E to control which devices respond to the program pulse on P. 
Mode Selection 


a ae 


DQ0-DQ7 
(11-13, 15-19) 





+5 Qour 
+21 +5 High-Z 
+21 +5 High-Z 








No effect on selection/enable togic, however, no — other than logic levels shalt be applied. 





Note: No Effect = 


4-27 





R27C64P 


64K (8K x 8) CMOS OTP PROM 





PACKAGE DIMENSIONS 





23-PIN CERDIP 


lt 


-——~ » 





“ee 0 


NOTE: EITHER ROUND OR SQUARE UV WINDOW. 





fe» (eno 
ae 


K St 








MILLIMETERS 


37.34 1.430 ‘| 1.470 
a 
ET 
[oar [051 | oor | ozo] 
0050 [0.080 | 


[om [030 | 000 | oo | 
[020 | 030 | 0008 | oo 
[aie [419 | 0.105 

[ae13_ | azar | omas 0.605 | 
| is24 | 1578 | 0.600 | ozo | 






| A 
| 8B 
| cs 
PF | ter | 
127 [152 | 
| Gc | 
| 
| a 
pK 
| om 
| oN 
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5% 


Rockwell 


R87C32 


Memory Products 


R87C32 





32K (4K x 8) CMOS UV EPROM 


PRELIMINARY 


FEATURES 


* 4096 x 8 organization 
JEDEC approved pin-out 
e Low Power 
—Active: 132 mW (max.) 
—Standby: 525 wW (max.) 
* Access times: 350 ns, 450 ns and 550 ns (max.) 
* Single 5V power supply 
Static operation, no clocks required 
Inputs and tri-state outputs TTL compatible during both read 
and program mode 
Pin compatible with INTEL 2732A EPROM and Rockwell 
R2332B ROM. 


ORDERING INFORMATION 





_ Part Number: R87C32 — — 





L_ Access Time: 
35 = 350 ns 
45 = 450 ns 

§5 = §50 ns 







ROW MEMORY 
DECODERS ARRAY 


COLUMN 


COLUMN 
DECODERS GATING 


CONTROL 
LOGIC 





R87C32 Block Diagram 





_ AD-A11 


DESCRIPTION : 


“The Rockwell R87C32 is a 4K x 8 (32,768 bits) ultraviolet (UV) 


light erasable. programmable read-only-memory (EPROM). It is 
manufactured using CMOS technology for low power dissipa- 
tion in both active and. standby operating modes. Single 5V 
operation allows simple circuit design in runtime environments. 


Initially, all bits are in the ‘‘1"’ state. Programming is performed 
by applying 21V to G/Vpp and a 50 ms low level pulse to E while 


the desired data is stable on DQ0-DQ7 lines and the address 


is stable on AO-A11 lines. All bits may be erased to the ‘'1”’ state 
by exposure to.a UV light source through the transparent win- 
dow on the top of the device package. 


The R87C32 EPROM is ideal for system development or low 
volume production applications requiring non-volatile memory 
in either multiple chip or single chip. microcomputers with 
extended bus configurations. The low power requirements 
especially support applications using the R65CO0 CMOS 
Microcomputer device family. © 


OPMnNOWRwn a 


R87C32 Pin Configuration 











ADDRESSES . 


Es | CHIPENABLE 
G/Vpp =| _~ OUTPUT ENABLE/PROGRAM 
DQ0-DaQ7 DATA INPUT/OUTPUT 


R87C32 Pin Names 





Document No. 29000M04 


Data Sheet Order No. MMO04 
Rev. 3, March 1984 











R87C32 | 32K (4K x 8) CMOS UV EPROM 














*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 

__ This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 












7 1.0 











<= 
9 
Oo 


ABSOLUTE MAXIMUM RATINGS* 
[Parameter | Symbol 
Supply Vottage -0.3to +7.0 | 
Input Voltage ‘1 Vin : pe 
All, except Vpp during 
Programming —0.3 to Veg +0.3 
Vpp during Programming -—0.3 to + 22.0 
Power Dissipation @ 26°C | PO 
OPERATING CONDITIONS . 
Vee Supply Voltage 5V +5% 
Vpp Supply Voltage ea seed 21V +0.5V. 
DC OPERATING CHARACTERISTICS DURING READ 
Voc = 5.0V +5%, Ta = 0°C to 70°C (unless otherwise specified) . 
7 
- Output High Voltage 


JM 





Cv [ig = 409A 
Output Low Voltage lo. = 2.1 mA | 7 
Vit input Low Voltage [| os = =6[ Vv CY 
Ico: | Voc Active Current E=G-\Yy 
TTL Level Address Inputs 10 Vin = Vin or Viv 
Frequency = 1 MHz, /O = 0 mA 
CMOS Level Address inputs mA 
=OmA 











Veco Standby Current 
TTL Level Chip Enable 


CMOS Level Chip Enable 


Vpp Supply Current 


Input Leakage Current 
Output Leakage Current 
C, Input Capacitance! 


Co Output Capacitance! 


Notes: 
1. This parameter is periodically sampled and is not 100% tested. 


loce 









E = Voc 


Mie 4 ; E = Viv: GNVpp = “Vpp é 
Mout = OV to Voc 





E = G = Vi 
7 Vin = GND or Voc 
Frequency = 1 MHz, I/O 
E= Vn 
1 7 


+ 
z 








DC OPERATING CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V +5%, Ta = —20°C to 30°C, Vpp = 21.0V +0.5V 


[Symbot [Parameter 
ee | Veo Aative Curent 
le | Vee Ave Curent 
ie 


Input Leakage Current 








R87C32 «82K (4K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING READ 
Voc = 5.0V +5%, T, = orc to 70°C (unless otherwise specified) 





Address to Data Valid 





Chip Enable to Data Valid 450 








oo Enable to Data Valid 


[et | Oanicmeeialiamines| 0 (aa Lan tee sel - 
tsar [Areas to Guiput oso | «fe |] | de | 
a a 


Notes: 
1. Test Conditions 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 

Outputs 0.8V and 2V 

2. G may be delayed up to tavav — teLav after the falling edge of E without impact on taygy- Data is available at the DQ outputs after 

a delay of te_qy from the falling edge of G, provided that E has been low (V,,) and addresses ‘have been valid for at least tavav = tau av: 
3. taHaz tenaz are specified from G or E, whichever occurs first. 














READ TIMING DIAGRAM 


‘ ADDRESSES . 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


ag teHaz 
tenaz 


EE mm] 5p} 


tavayv ————_—>,. tasonies 
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R87C32 =e 32K (4K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V +5%, Ta = 20°C to 30°C (unless otherwise specified) 





Parameter 


a 


E pulse width during programming . 
ter G pulse rise time during programming 


Test Conditions: : 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <=20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement. Reference Level: Inputs 1V and 2V 
‘ Outputs 0.8V and 2V 


Data valid from E 


Output disabie to output Hi-Z delay | lo 















PROGRAM TIMING DIAGRAM 


PROGRAM 
VERIFY 








PROGRAM ———~— 









ADDRESSES 
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R87C32. ~ 82K (4K x 8) CMOS UV EPROM 


OPERATING MODES PROGRAM MODE 





The Rockwell R87C32 has five modes of operation (see table 1) The R87C32 is in the program mode when G/Vpp is at 21V. The 

‘and is pin compatible with Intel’s 2732A. data to be programmed is applied to the data output pins. When 
the address controls and data are stable, a 50 msec program 

READ MODE pulse is applied to the E input. 

The read mode is governed by two control pins, E and G. In order 

to obtain data at the outputs, both £ and G must be Vj,. E is PROGRAM VERIFY MODE 


the power control and should be used for device selection. G is 
the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tayoy, 
Tetov OF TeLay times, depending on which is limiting. ; 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with G/Vpp and E at Vj. Data should be 
verified to teLqy after the falling edge of E. 


STANDBY MODE 

The standby mode of the R87C32 reduces power dissipation. PROGRAM INHIBIT MODE 

The R87C3z2 is placed in the standby mode by making E = Viy. The program inhibit mode allows programming several R87C32 
This is independent of G and automatically puts the outputs in EPROMs simultaneously with different data for each by using. 
their high impedance (High-Z) state. E to control which devices respond to the program pulse on E. 





Table 1. Mode Selection 


0Q0-DQ7 
(9-11, 13-17) 





Note: No Effect. = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


ERASURE PROCEDURE The integrated dose for erasure should be a minimum of 


15 W-sec/cm2. The erasure time with this dosage is 20 minutes 


Initially, and after each erasure by ultraviolet light, ail bits of the : . : ; 
using an ultraviolet lamp with a 12000 uW/cm? power rating. 


R87C32 are in the ‘'1’’ state. In Prograrn Mode, ‘‘0’’s are selec- 
tively programmed into the desired bit locations. The only way Caution 
to change a “0” to a ‘'1”’ is by ultra-violet light erasure. 

The erasure begins to occur when exposed to light with 


The recommended erasure procedure for the R87C32 is wavelengths shorter than approximately 4000 Angstroms. 
exposure to ultra-voilet light wqhich has a wavelength of Sunlight and certain types of fluorescent lamps have 
2537 Angstroms. wavelengths in the 3000-4000 Angstroms range. 


4-33 





R87C32 — 32K (4K x 8) CMOS UV EPROM 


PACKAGE DIMENSIONS — 
24-PIN CERDIP 


0.520 + 9.010 
Ea + 0.25) 


LJ U UW a 
1,250 + 0,020 0.155 = 0.010 0.610 = 25] 
(31.75 + 0.64) (3.94 = 0.25) sea: | 
Mi cececncacecnensncecenes)7 ie a 


0.010 = 0.002 
(0.25 + 0.08) 


f= 1125 MIN. 
0.042002: 0.100 = er UL (2.17) 0.660 + 0.025 
(1.012050) (2.54 = 0.25) (0.45 = 0.05) (16.76 + 0.64) 


0.655 + 0.005 
(1.39 + 0.13} 


DIMENSIONS IN INCHES AND (MILLIMETERS) 
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OR 


Rockwell 


R87C64 


Memory Products 


R87C64 


64K (8K x 8) CMOS UV EPROM 





PRELIMINARY 


FEATURES 


* 8,192 x 8 organization 
e JEDEC approved pin-out 


¢ Low Power 
—Active 80 mW (max.) 
—Standby 525 »W (max.) 


¢ Access times: 250 ns and 350 ns (max.) 


Single 5V power supply 


Static operation, no clocks required 


¢ TTL compatible inputs and tri-state outputs during both read 
and program mode 


e Pin compatible with INTEL 27644 EPROM and Rockwell 
R23C64 and R2364B ROMs. 


ORDERING INFORMATION 


Part Number: A67C64 _ _ 
—~ 


fs Access Time: 
25 = 250 ns 
36 = 350 ns 


MEMORY 
ARRAY 


| COLUMN COLUMN 
A0-A4 [> GATING 


DECODERS 


w 


CONTROL [~ vo 
Loci¢c [———*] BUFFERS 


Dao-DQ7 





A87C64 Block Diagram 


DESCRIPTION 


The Rockwell R87C64 is an 8K x 6 (65,536 bits) ultraviolet (UV) 
light erasable programmable read-only-memory (EPROM). It is 
manufactured using CMOS technology for low power dissipa- 
tion in both active and standby operating modes. 


Initially, and also after erasure, all bits are in the ‘‘1”’ state. Data 
i$ programmed by applying 21V to Vpp a TTL low to E, anda 
50 ms low pulse on P while the desired data is stable on 
DQ0-DQ7 lines and the address is stable on A0-A12 lines. All 
bits may be erased to the ''1’’ state by exposure to a UV light 
source through the transparent window on the top of the device 
package. 


The R87C64 EPROM is ideal for system development or produc- 
tion applications requiring non-volatila memory in either multiple 
chip or single chip microcomputers with extended bus configura- 
tions. The low power requirements especially support applica- 
tions using the R65C00 CMOS Microcomputer device family. 


Oomonroanrk wn = 


—-_ oh et 
@& ON = Oo 





R87C64 Pin Configuration 


Tr 
ee 


R87C64 Pin Names 










Document No. 29000M09 


Data Sheet Order No. MM09 
Rev. 1, March 1984 











R87C64 


64K (8K x 8) CMOS UV EPROM 





ABSOLUTE MAXIMUM RATINGS“ 













Input Voltage 
All, except Vpp during 
Programming 
Vep during Programming 





Supply Voltage [Veo _| -0.3 to +7.0 Vde 


-0.3 to Veo +0.3 
-0.3 to +22.0 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied..Exposure 
to absolute maximum rating conditions for extended periods may 





| Unit | 
| Vac | 
Vde 


affect device reliability. 





Voc 
Vin 
Ta 


Output Voltage Vout | -0.3 to Veg +0.3 | Vde | 
Temperature under Bias -10 to +80 
Cc 


Power Dissipation @ 25°C P| 1.0 


OPERATING CONDITIONS 


Vor Supply votage | ida a 


DC OPERATING CHARACTERISTICS DURING READ 
Voc = 5.0V +5%, Ta = 0°C to 70°C (unless otherwise specified) 












































































Symbol ' Parameter Typ. Unit Test Conditions 
Vou Output High Voltage je ta lou = —-400 pA 
Vou. Output Low Voltage 0.45 lop = 2:1 mA 
lect Voc Standby Current 100 pA | E = Voc, G = Va. Vin = OV OF Voc 
loca Voc Active Current —_—}—_ 15 mA | E=G=WYy 
lin Input Leakage Current +10 uA Vin = OV to Voc 
lo Output Leakage Current = +10 pA Vout 2 OV to Voc 
C, Input Capacitance? i Soe | Voc = 5.0V, chip deselected, pin under test 
Co Output Capacitance? ee Abs ra 25°C 
Notes: a 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 





DC OPERATING CHARACTERISTICS DURING PROGRAMMING 
Veo = 5.0V +5%, Ty = 20°C to 30°C, Vpp = 21.0V +0.5V 








Parameter 


Input High Voltage 2.0 


Test Conditions 








Vie 


Input Low Voltage 





Veg Active Current 


Vpp Active Current 





Input Leakage Current 
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R87C64 64K (8K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING READ 
Veo = 5.0V + 5%, Ty = 0°C to 70°C (unless otherwise specified) 


li R87C64-25 R67C64-35 









Test Conditions® 


{} mi 
It 
o| 
I 
< 
c 












Chip Enable to Data Valid Gave 
Vali E=Vi 
Output Enable to High Impedance bavi; 


mt 
ll 
Ol 
l 
= 
ioe 






al 
fl 
< 

= 






Notes: 
1. G may be delayed up to tavav-terav after the falling edge of E without impact on tayoy. Data is available at the DQ outputs after a delay 
of teLay from the falling edge of G, provided that E has been low (V\,) and addresses have been valid for at least tayqy-tarav: 

2. tenoz and teuoz are specified from G or E, whichever occurs first. 
3. Test Conditions: 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 





READ TIMING DIAGRAM 


ADDRESSES 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


teHaz 
tenaz 


ie EE asso} 


tavav taxax 
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R87C64 64K (8K x 8) CMOS UV EPROM 





AC CHARACTERISTICS DURING PROGRAM 
Vec = 5.0V + 5%, Ta = 20°C to 30°C (unless otherwise specified) 


Test Conditions: 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 





PROGRAM TIMING DIAGRAM 


PROGRAM 
VERIFY 


; ’ ADDRESSES 
oem J VALID } = VALID } 


PROGRAM 


E (CHIP ENABLE) 


teLpL 


P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) 
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‘R87C64 


OPERATING MODES 
The Rockwell R87C64 has five modes of operation (see table 1). 


-Read Mode _ 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be V,,. E is 
the power. control and should be used for device selection. G 
is the output control and should be uséd to gate data to the out- 
‘put pins. Valid data will appear on the output pins after Tayay, 
TeLov OF TeLav times, depending on which is limiting. 


Standby Mode 


The standby mode of the R87C64 reduces power dissipation. 
The R87C64 is placed in the standby mode by making E = Vy. 
This is independent of G and automatically puts the outputs in 
their high impedance (High-Z) state. . 


Table 1. 


64K (8K x 8) CMOS UV EPROM 


Program Mode 


The R87C64 is in the program mode when Vpp is at 21V with 
E input at V).. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be veriffed to 
taLoy after the falling edge of G. 


Program Inhibit Mode 


The program inhibit mode allows programming several R87C64 
EPROMs simultaneously with different data for each by using 


E to control which devices respond to the program pulse on P. 


Mode Selection 





G 
(22) 


Standby No fae 


DQ0-DQ7 
(11-13, 15-19) 








Program: No Effect 


Program. verify 


Program inhibit No ae 


No Effect 








; No ea 


No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


Program inhibit No Effect 


Note: No Effect = 











Vin 








ERASURE PROCEDURE 


Initially, and after. each erasure by ultraviolet light, all bits of the 
R87C64 are in the ‘'1’’ state. {In Program Mode, ‘'0’’s are selec- 
tively programmed into the desired bit locations. The only way 
to change a “0” to a ‘'1”’ is by ultra-violet light erasure. 


The recommended erasure procedure for the R87C64 is 
exposure to ultra-violet light which has a wavelength of 
2537 Angstroms. 
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The integrated dose for erasure should be a minimum of 
15 W-sec/cm2. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm?2 power rating. 


Caution 


The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 Angstroms range. 





R87C64 64K (8K x 8) CMOS UV EPROM 


PACKAGE DIMENSIONS | 


28-PIN CERDIP 


oH MILLIMETERS 





ped 
ete] 
eee 
ae 
ea | 
fae il 
poe 
Ke 
a 
| Mm 
PN [089 [14 


_NOTE: EITHER ROUND OR SQUARE UV WINDOW. 
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6% 


Rockwell 


R5213/2816 


Memory Products 


R5213/2816 


16K (2K x 8) ELECTRICALLY ERASABLE ROM 





PRELIMINARY 


FEATURES 


e 2K x B, 2048 x« 8 organization 

Single 5V + 10% supply 

¢ TTL or high voltage byte erase/byte write 
* 9ms or 1 ms byte erase/byte write 

# 10,000 erase/write cycles per byte 

¢ Chip clear 

* Access time: 350 ns (max.) 

¢ Infinite number of read cycles 

e JEDEC Approved pinout 


¢ Pin and 2816A EEPROMs compatible with Seeq 5213, 
Intel 2816 


ORDERING INFORMATION 


Part Number: 
R5213 


Package: 
| CERDIP 
Access Time: 
25 = 250 ns 
35 = 350 ns 


Model 


No Letter = 9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R5213/2816 is a 2K x B (16,384 bits), 5V elec- 
trically erasable Read-Only Memory (EEROM). Data is electri- 
cally written either by a TTL pulse or a voltage between 15V 
and 22V on the Write Enable pin. Once written—this requires 
less than 10 milliseconds—there is no limit to the number of 
read cycles. A byte erase as well as a chip clear mode is avail- 
able. Each byte may be erased and written 10,000 times. The 
“erasure time, in either a byte erase or chip clear mode, is less 
‘than 10 milliseconds. 


The R5213 is ideal for applications requiring a nonvolatile 
memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 
software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. Designing the R5213 into 8- and 16-bit 
microprocessor systems is also simplified since the typical 
access time is less than 250 ns, allowing zero wait state 
operation. 


















ea 
VOLTAGE 
ea 
CIRCUIT 








ROW DECODERS _ 
COLUMN DECODERS 
VO BUFFERS 









ROW 
A4-A10 [> DECODERS 


COLUMN ca 

AOA = DECODERS =i ae GATING 
CONTROL Late 

Loic Late 


. DQ0-DQ7 

















mG 





R5213 Block Diagram 











R5213 Pin Configuration 


a 
ei ourrurewasie 


‘0Q0-DQ7 DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 











Document No. 29000M01 
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R5213/2816 16K (2K x 8) EEROM 





ABSOLUTE MAXIMUM RATINGS* “NOTE: Stresses above those listed may cause permanent 


damage to the device. This is a stress rating only and functional 

| Parameter =| Symbol | = Value =| Unit | operation of the device at these or any other conditions above 

ap those indicated in the operational sections of this specification 

Supply Voltage ce : is not implied. Exposure to absolute maximum rating conditions 
Input Voltage for extended periods may affect device reliability. 

Storage Temperature —65 to +100 ie: | 


W Level During Writing/ Vw - -0.5 to +22.0 | Vde 
Erasing 

W Max. Duration at 22V ie. Hrs 
During W/E Inhibit 

DC CHARACTERISTICS 

Vee = §.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 


Write Enable Leakage 
WIE Mode—TTL ae a Se 
WE Mode—Highvorage | | | ts | ma (| Ween 
So a a 


Chip Clear Mode—TTL 
Chip Clear Mode—High Voltage 


Ey 

i 

Ties [vestige YD 

vic 8G) ou ow vorage GG) | 

[vic 061 pt Low votage acy ——SC*SCSC | 

sc a an 
[20 


Vw W Read Voltage 
W Write/Erase Voltage 














OPERATING CONDITIONS 


Veco Supply Voltage 5V + 10% 
Temperature Range “Oto 70°C 

























mca 
> 
=| 
ul 





al 
Ul 






mi} im 
is 2 
" 


-TTL Mode : —-0.1 


-High Voltage Mode 












=o 
[Vor [Supa tow ores Si CCC 
[Vor | Oupurrign rage sida 
[ve | Cove Gear vonage «dt Sr | 
OT 
Pp 
(een ieee 
fee 








Vec = 5.0V, chip deselected, pin 
under test at OV, Ty, = 25°C, f = 
1 MHz 


Output Capacitance!) 
Voc Capacitance’) 


Vw Capacitance? 


ss 
oO 
nN 


— : 
i=) 





1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: < 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 

2. Typical values are for T, = 25°C and Voc = 5.0V. 

3. This parameter is periodically sampled and is not 100% tested. 
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R5213/2816 | 16K (2K x 8) EEROM 


R5213-35'4 
Parameter | Min. | Typ. | Max. | Test Conditions" . 
Address to Data Valid | 10 | | 250 | E - 


. | 200 | 
[np erate ou vard | 10 | ao] os | 
tenoz, tenez?! Output Enable to High impedance | 50 | vo} of 50]. 80 | 


= | Output Hold from Address, Chip Enable, 


or Output Enable, whichever Transition 
Notes: 


Occurred First 
1. Test Conditons: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fal! Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V , 
2. G may be delayed up to tavav-teiov after the falling edge of E without impact on tayay. Data is available at the DQ outputs after a delay 
of tgLay from the falling edge of G, provided that E has been low (V|_) and addresses have been valid for at least tayqv-teLav- 
3. tenoz, tguoz is specified from G or E whichever occurs first. 
4. All timing units in nanoseconds (ns). 


AC CHARACTERISTICS DURING READ : 




















READ TIMING DIAGRAM 


ADDRESSES (| seri aie — 


LL LIL f 


OUTPUT . — LAA AAA VALID OUTPUT 


|} tavov taxax 
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R5213/2816 16K (2K x 8) EEROM 
AC CHARACTERISTICS DURING WRITE/ERASE 









L Parameter 





E to W Set-Up Time 
[towne | Data to W Setup Time 

















Write Enable Pulse Width 


A5213 






A5213H 










G Write/Erase Set-Up Time 
| twex | G Write/Erase Hold Time 
| tee | vw Fa Time 











1. Maximum endurance, Q, is the number of write and erase cycles/byte. 
2. twueu (min) = 50 ns when in the High Voltage W/E Mode only. When in the TTL W/E Mode, twuen (min) = 700 ns. 
3. tpr applies only when in the High Voltage W/E Mode. . 

4. Test Conditions: Output Load: 1 TTL gate and G, = 100 pF; Input Rise and Fall Times: < 20 ns; Input Pulse’ Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 








BYTE ERASE OR BYTE WRITE TIMING DIAGRAM 


ADDRESSES ( ADDRESSES VALID )) 


twHax 


$$ tawn. ——_ t 
fovwin}=—twawe—— [HX 
HIGHZ 
DQ0-De7 —— eS DATA VALID = 
(WRITE) 


DQo-DQ7 
(ERASE) ator twuex— 


G NO EFFECT NO EFFECT 
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R5213/2816 | 16K (2Kx8) EEROM 





CHIP ERASE TIMING 


ADDRESSES NO EFFECT 


E 





DQ0-DQ7 
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-R5213/2816 


DEVICE OPERATION 


The Rockwell A5213/2816 has six modes of operation (see 
Table 1) and except for the chip clear mode it requires only TTL 
inputs to operate these modes. 


To write a particular location of the R5213, that byte must first 
be erased. Amemory location is erased by enabling the R5213 
with Chip Enable at a TTL low, bringing Write Enable to a TTL 
low while Output Enable is a TTL high, and TTL highs (logical 
1's) are being presented to alt the I/O lines. The erase operation 
requires 9 ms. A write operation is the same as an erase except 
true data is presented to the /O lines. 


The R5213 is compatible to prior generation EEROMs which 
required a high voltage Vpp for writing and erasing. In the R5213 
there is an internal dual level detection circuit which allows either 
a TTL low or 214V Vpp to be applied to WwW to execute an erase 
or write operation. The R5213 specifies no. restriction on the 
rising edge of Vpp. 


For certain applications, the user may wish to erase the entire 
memory. A chip clear is performed in the same manner as a 
byte erase except that Output Enable is between 14V and 22V. 
All 2K bytes are erased in less than 10 ms. 


Table 1. Mode Selection (Voc = 5V + 10%) 


Table 1. 


Standby" 


Byte Write) 
Chip Clear®? 
Write/Erase Inhibit 


Note: 
1. W may be from V,, to 6V in the read and standby mode. 


16K (2K x 8) EEROM 


A characteristic of all EEROMs is.that the total number of write 
and erase cycles is not unlimited. The R5213 has been designed 
for applications requiring up to 10,000 write and erase cycles 
per byte. The write and erase cycling characteristic is com- 
pletely byte independent. Adjacent bytes are not affected during 
write/erase cycling. 


After the device is written, data is read by applying a TTL high 
to W, enabling the chip, and enabling the outputs. Data is avail- 
able tevoy time after Chip Enable is applied or tavay time from 
the addresses. System power may be reduced by placing the 
R5213 inté a standby mode. Raising Chip Enable to a TTL high 
will reduce the active power by over 60%. 


COMPATIBILITY 


The R5213/2816 is 100% compatible with the Seeq 5213 and. 
the Intel 2816A and, except for the Vg (G Chip Erase Voltage), 
is also 100% backward compatible to the Intel 2816 which 
requires high voltage for byte erase/write. 


Mode Selection 


DQo-DQ7 
(9-11, 13-17) 


No Effect 


No Effect 


2. W may be at Vi_ (TTL WIE Mode) or from 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip clear mode. 


3. No Effect = 
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No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 





R5213/2816 


POWER UP/DOWN CONSIDERATIONS 


Care must be taken to prevent an unintentional write (or erase) 
cycle during power-up or power-down. These cycles can be 
prevented by applying a signal level of V,, to W (pin 21) when- 
ever Vcc is greater than 2.75 volts. When Vec¢ is 2.75 volts or 
less, the device cannot perform a write (or erase) cycle. 


Figure 1 shows a suggested circuit which can be used for power- 
up or power-down conditions. The power supply used for the 
470 ohm pull-up resistor should be the same supply used for 





POWER. 
STATUS 


Figure 1. 


470 OHM 
(=5%) 
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16K (2K x 8) EEROM 


the R5213 Vcc. When this V¢c is outside the normal operating 
range (4.5 to 5.5 volts), the systern power status signal (shown 
in Figure 1) should be low. Under these conditions, the open 
collector NAND. gate and the 470 ohm resistor protect against 
an unintentional write (or erase). 





Typical Power Monitor Circuit 





R5213/2816 | 16K (2K x 8) EEROM 
PACKAGE DIMENSIONS 


24-PIN CERDIP 


0.857 +-0.042 
(14.15 + 1.07) 


1.260 x 0. ae G.180 + 0.02 0.610 + 0.07 
(32.00 + 0. en (4.06 + 0.50) (15.49 + 0.25) 
TTT 0.010 + 0.002 
(0.25 = 0.05) 


er 0.125 MIN. 
0.04 = 0.02 0.100 = foe, 010 0. iu 20.002 (317) 0.660 = 0.04 i 
(1.0120,80) (2.54 = 0.25) (0.45 = 0.05) (16.76 + 1.01) 


“0.055 + 0.008 
(1.39 = 0.20) 


DIMENSIONS IN INCHES AND (MILLIMETERS) 
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é% 


Rockwell 


R52B33 


Memory Products 


R52B33 


64K (8K x 8) ELECTRICALLY ERASABLE ROM 





FEATURES 


Input latches 

* 8192 x 8 organization 

Single 5V +10% supply 

* TTL byte erase/byte write 

° 9ms byte erase/byte write 

¢ 10,000 erase/write cycles per byte 

¢ Chip clear 

Fast access times: 200 ns, 250 ns, 300 ns 
and 350 ns (max.) 

infinite number of read cycles 

JEDEC approved pinout 

« Pin. compatible With Seeq 52B33 EEPROM 


ORDERING INFORMATION 


Part Number: 
R52B33_ 


—~ 
Package: 
CERDIP 


Access Time: 
2 = 200ns 
25 = 250 ns 
3 = 300 ns 
35 = 350 ns 


Model 
No Letter = 9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R52B33 is a 64K (8192 x 8 bits) 5 volt electrically 
erasable read-only-memory (EEROM). The device operate on 
§ volt TTL levels in the read, write and erase modes. The 
R52B33 also has a chip clear mode in which the entire memory 
is erased in a single erase cycle. The device performs chip clear 
with a TTL high level signal applied to G and a TTL low level 
applied to CC. The erasure time for both chip clear and byte 
erasure is under 10 ms. 


Data, addresses, E, CC, and G are latched on the leading edge 
of W. The system controller needs only to maintain the Ww signal 
during the erase/write cycle after the latches are activated. 


Once written, which requires under 10 ms, there is no limit to- 


the number of times that the data ray be read. Each byte may 
be erased and written at least 10,000 times. 





The R52B33 is ideal for applications requiring a. nonvolatile 
memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 
software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. 













A0-A12C > 








=~O©ON AH AWH = 








0 

1 
pat. 12 
paz “13 
GND 14 









R52B33 Pin Contiguration 


2 a SS SSG SS AE RE EP 
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R52B33 


64K (8K x 8) EEROM 









R52B33 Pin Names 
ABSOLUTE MAXIMUM RATINGS* 


[Parenter | Symbot_[ Vane | unt 
} 















Output Voltage =0.5 to +7.0 
Temperature Under Bias ae —10 to +806 
Storage Temperature —65 to +100 


DC CHARACTERISTICS 





Veco = 5.0V + 10%, Ta = O°C to 70°C (unless otherwise specified) 





(Input Leakage Current én 
Output Leakage Current 


lwe Write Enable Leakage 
Read Mode 
W/E Mode 


Chip Erase Mode 


Voc Standby Current 
Vec Active Current 
Vit (DC) Input Low Voltage (DC) 





Input High Voltage 
W Read Voltage 


1H i 

w 

: 
Vw 


Vw Capacitance) 


Notes: 





2. Typical values are for T, = 25°C and nominal supply voltages 
3. This parameter is periodically sampled and is not 100% tested. 


4 
< 
so 


Vi, (AC) | Input Low Voltage (AC) 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: < 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 


OPERATING CONDITIONS es 


Vec Supply Voltage _ dots BV + 10% © 
Temperature Range : , 0 to 70°C 







*NOTE: Stresses above those listed may cause permanent 
damage to the device. This:is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 












10 
A W=Vin 
WV 
40 E=Vin 


8 


lo, = 2.1 MA 


lon = —400 nA i 


F Voc = 5.0V, chip deselected, pin 
under test at OV, Ty = 25°C, f = 
1 MHz 


pF G=E= 


E=G=vy 
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R52B33 i. | 64K (8K x 8) EEROM 


AC CHARACTERISTICS DURING READ 


Parameter Fain T-Max. | win [ Mex. | min. [ Max | Min. [ Max | Unt [reat Condition” 


[ner [aasrerstopuavais | [oo] [so] foo] | s0|m| F-G-m | 
eS 
SSS ESS 


Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred First 

Notes: 


1. Test Conditons: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 

2. G may be delayed up to tavav-tatey after the falling edge of E without impact on tayqy. Data is available at the DQ outputs after a delay 
of te_ay from the falling edge of G, provided that E has been low (Vj) and addresses have been valid for at least tayqy—-teov- 

3. teHaz, tguaz I$ specified from G or E whichever occurs first. 
























READ TIMING DIAGRAM 





ADDRESSES sage tira 


—— 
= 





| 


teHoz 
tcHaz 


OUTPUT KET wince | 723  HIGHZ 


———— tavay 





taxax 
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R52B33 64K (8K x 8) EEROM 





AC CHARACTERISTICS DURING WRITE/ERASE 


en 


E, G or Address Setup to W 


‘Write Enable, W, Pulse Width 
R52B33 10 70 ms 







































twa) W to Mode Change (Write Recovery Time) aes S| 


Notes: 

1. Maximum endurance, Q, is the number of write and erase cycles/byte. The endurance of the R52B33 is guaranteed to be at least 10,000 
cycles/byte. 

2. After ty,px hold time, from W, the inputs E, G, Address and Data are latched and are "No Effect’ until twa, Write Recovery Time, after 
the trailing edge of W. 


3. The Write Recovery Time, twa, is the time after the trailing edge of W that the latches are open and able to accept the next made set-up 
conditions. Reference Table 1 (page 6) for mode control conditions. 








BYTE ERASE OR BYTE WRITE TIMING 


mi} 


NO EFFECT | 


ADDRESSES 'X| vain) NO EFFECT l 


G>| 


NO EFFECT 


twewk 





-DQ0-DQ7 NO EFFECT 
(WRITE) 


DQ0-DQa7 NO EFFECT 
(ERASE) | 


b+ BYTE ERASE/WRITE PERIOD —<—___—sl START OF NEXT MODE 
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CHIP ERASE TIMING 





ce ee 1 NO EFFECT 


NO EFFECT 





DQ0-DQ7 


| 
|}~——---——————. CHIP ERASE PERIOD >» START OF NEXT MODE 


4-53 





R52B33. 
DEVICE OPERATION 


The Rockwell R52B33 has six modes of operation (see Table 
1). The control signals that determine these modes are TTL 
compatible. 


The chip clear and byte erase time is 10 ms. 


-READ 


Aread is accomplished by presenting the address of the desired 
byte to the Column and Row Address inputs with AQ as the LSB. 
Once the address is stable, E is brought low in order to enable 
the chip (Ww must be at a TTL high during the entire read cycle). 
The output drivers are made active by bringing GtoaTTL low. 
Data is valid te.gy after E or terqv after G is low. The latches 
are transparent in the read mode. 


STANDBY 


~The power dissipation of the chip may be reduced by taking E 
‘. . : toa TTL high between operations. This towers Pp by over 60%. 


BYTE ERASE/BYTE WRITE 


Each byte of the memory may be individually erased or written 
with TTL level pulses, The two operations have the same timing 
and specifications since the byte erase is performed by writing 
all.highs (HEX FF) to the selected byte. This restores the byte 
to its clear state of logical one., The byte erase is: performed by 
presenting the device with E at a logical low and G at a logical 
high after the address is stable. These controls must be stable 
for tayw. before W is-taken active. The data must be stable for 


64K (8K x 8) EEROM 


tovw.. All of these contro! inputs together.with the addréss and 
data lines are Jatched on the falling edge of W. After twipx they 
may be removed and the next condition established while the 
byte is being erased or written. This effectively increases the 
write speed. After twuwH, W may be returned to the TTL high 
level and the next operation begun tw, after the rising edge of 
the pulse. 


CHIP CLEAR 


The chip clear is performed by taking loro} and E to a TTL low 
level and G to a TTL high voltage level. The order in which the 
controls are set does not matter, only that they are stable for 
tavwi before W goes low. The I/O and the address inputs are. 
No Effect. After the control and data inputs are stable, take 
Ww low. This latches all control and data inputs and, after tw px 
all inputs with the exception of W become No Effect. W must 
be maintained at a low level for:the duration of the chip clear 
cycle and then return it to a high level. Another mode of oper- 
ation may be started twa after W is stable. The memory has. 
now been returned to its clear state and contains all 1's. 


POWER UP/DOWN CONSIDERATIONS 


Internal circuitry on all.devices guard against inadvertent pro- 
gramming of bits during times when Vcc is below the normal 
operating voltage. The device outputs will remain in high imped- 
ance and the write/erase circuitry disabled as long as W is kept: 


-at.V. Normal operation, as outlined in Table 1, can begin only 
after W has been taken to Vj). 


Table 1. Mode Selection (Ve, = 5V + 10%) 


| ese 


a 
ee 
Peve wie id 
Ponce id 

eae 


Write/Erase Inhibit 


Note: 
1.W may be from Vj, to 6V in the read and standby mode. 
2. No Effect = No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 


No Effect — No Effect 
No Effect No Effect 


Vic 





52833. a ~ 64K (8K x 8) EEROM 








| MICROPROCESSOR INTERFACE CIRCUIT EXAMPLE FOR BYTE WRITE/ERASE 




















ADDRESS 
BUS z : ; ; ‘ 


A0-A12 





_ SYSTEM RESET > 
(MEMORY RESET > 
EEROM SELECT> 
MEMORY WRITE >>- 














[vase | /-———-— tase 






CHIP SELECT >> : aE 


DATA BUS DQ0-DQ7 





NOTE: . ; 
-ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED 
SY THE TIMING DIAGRAMS SHOWN ON PAGES 3, 4 AND 5. 
EEROM SELECT IS DERIVED FROM THE CHIP SELECT 
’ SIGNALS OF ALL DEVICES FOR WHICH THIS CIRCUIT GATES 
W. THIS MAY ENTAIL A SIMPLE OR FUNCTION. IN CASE OF A 
SINGLE EEROM, THE TWO SIGNALS WOULD BE COMMON. 


TYPICAL EEROM WRITE/ERASE ROUTINE 
— WAIT SUBROUTINE 


ISSUE 
MEMORY READ 53 
COMMAND.” INITIALIZE. 
TO EEROM COUNT 


~ EXECUTE 
“WAIT 


SUBROUTINE - DECREMENT 


FOR twuwe a COUNT ° 


_ ISSUE 
_ MEMORY WRITE ~ 
‘ COMMAND 
TO EEROM 


RETURN 
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R52B33 64K (8K x 8) EEROM 












PACKAGE DIMENSIONS 











[wn [Max [MIN [WAX 
seca | arse [1.480 
[i295 _| [500 | 





28-FIN CERDIP 


ae 

[oom [ost [0.020 | 
Pr [sar f 482 
al 

ae 

| 

fone 


[ozo [oso coe | oor 
[020 [030 [0008 [0012 
paie [ano [0105 [ones 
Te 0685 | 












[azat_| 0635 | 0685 
Pia [ 0.005 [0045 | 
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R2816A and R5516A 


Memory Products 


g ® R2816A and R5516A 


16K (2K x 8) LATCHED EEPROM WITH TIMER 
SARE lok (2K x 8) 





FEATURES ORDERING INFORMATION 
e High endurance erase/write cycles Part Number: R2816A _ _ _ 

— 1,000,000 cycles per byte (A5516A) R5516A___ 

— 10,000 cycles per byte (R2816A and R2816AH) [ 
e 5 volt-only operation Access Time 
* On-chip latches for direct microprocessor bus interface ae z pa = 
« On-chip timer for self-completed byte erase and write 35 = 350 ns 
e Fast byte write cycle 


. Byte Write time 
— 2 ms write (R2816AH) 
— 10 ms write (R2816A and AS516A) Ho 2 ioe (Bee lenrony) 
® Fast access time: 250 ns, 300 ns, 350 ns (max.) 


e TTL voltage level controlled modes DESCRIPTION 


= Se tate aati eases The Rockwell R2816A and RSS516A are 16K (2K x 8) electrically 
— Read/write inhibit erasable programmable read-only memory (EEPROM) devices 

. Optional high voltage controlled modes with on-chip latches and write timer. EEPROMs allow non-volatile 
storage of data when power is off and in-circuit reading and 


No letter = 10 ms 





S ae ae writing of data when power is on. 

— 9 ms chip clear The R2816A and R5516A both operate with TTL level signals 
© Power up/down protection circuitry and a §-volt power supply. The endurance, the number of times 
© Low power operation that a byte may be written to a particular location, is 1 million 

— 110 mA (max.) active current for the R5516A and 10 thousand for the R2816A. Once written, 

— 40 mA (max.) standby current there is no limit to the number of times that the data may be read. 
e JEDEC approved 24-pin byte-wide pinout Both EEPROMs have an internal timer that automatically times 
« Direct replacement for 2K x 8 EEPROMs out the write time. The on-chip timer, along with the latching of 

— 21V 2816 address and data lines, allows the EEPROM to complete write 


— 5V 2816A and 5516A operation independently of the MPU. After executing a write 















COLUMN ~ 
ADDRESS 
DECODE 


COLUMN 
ADDRESS 
LATCHES 



















ROW 
ADDRESS 
LATCHES 





MEMORY 
ARRAY 





LATCH ENABLE 



















Ww EDGE DETECT INPUT 
a ss TIMER WRITE DATA 
E - | WRITE | 

LATCHES LATCHES 








LATCH ENABLE 
CONTROL 


CONTROL 
DQ0-DQ7 + 


R2816A and R5516A Block Diagram 
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R2816A and R5516A 


16K (2K x 8) EEPROM 





instruction to the EEPROM, the MPU is thus free to continue 
other computational tasks without delay or Interruption required 
by earlier generation EEPROMs. The write operation is com- 
pleted automatically, taking only 10 ms for the R2816A and 
-R5516A, or only 2 ms for the faster R2816AH. A \ Separate erase 
cycle is not required and the Write Enable (W) pulse width 
requirement is only 150 ns (max.). 


The R2816A EEPROM is the cost-effective choice for applica- 
tions requiring infrequent updating of non-volatile data, i.6., no 
more than 10,000 updates/byte. The R5516A is ideal for designs 
employing frequent update of data. 


A0O-—A10 ADDRESS 
EF [chi enasie 
Se ____} ou PUT ENABLE 





W 
DQO - DQ7 DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 
R2816A and R5516A Pin Names 
ABSOLUTE MAXIMUM RATINGS* 




















[Parameter | Symbol | Value __| Unit | 
Supply Voltage -0.5 to +7.0 
Input Voltage -0.5 to +7.0 
Output Voltage -0.5 to +7.0 
Temperature Under Bias 
Storage Temperature -65to +100 | °C 
W Level in Optional Vw —0,5 to +22.5 | Vde 
High Voltage Byte Erase/ 

Write and Chip Clear Modes 

W or G Max. Duration at 22V | twte | 24 | 
G Level in Optional Vg 

HV Chip Clear Mode 





DC CHARACTERISTICS 
(Vcc = 5.0V 410%, Ta = 0°C to 70°C (unless otherwise noted) 


Write Enable Leakage Current 
Output Enable Leakage Current 








1 
2 
3 
4 
§ 
6 
7 
8 


R2816A and R5516A Pin Configuration 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. , 


OPERATING CONDITIONS 


Voc Supply Voltage 5V +10% 
Temperature Range 0 to 70°C 

















Voc Standby Current 








= Vit . 
lines open, other inputs 





W Input High Voltage in Optional 
HV Byte Erase/Write and HV Chip 
Clear Modes 














G Input High Voltage in 
Optional HV Chip Clear Mode 





Output Low Voltage 





lot = 2.1MA 





Output High Voltage . 





low = - 400 pA 





Output Capacitance? under test at OV, T, = 25°C, = 1 MHz 











1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise 
and Fall Times: <20 ns; input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 
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2. Typical values are for T, = 25°C and Voc = 5.0V. 
3. This parameter is periodically sampled and is not 100% tested. 








R2816A and R5516A 


16K (2K x 8) EEPROM 





EEPROM OPERATION 


The Rockwell R2816A and R5516A EEPROMs have four modes 
of TTL level controlled operation (Table 1) and three optional 
high voltage level controlled modes (Table 2). The standby, byte 
read, byte write, and write/read inhibit modes are controlled by 
TTL levels on the Chip Enable (E), Output Enable (G) and Write 
Enable (Ww) inputs. These modes support operations in cost- 
sensitive designs where minimal supporting circuitry is required. 


The optional high voltage controlled modes allow R2816A/ 
R5516A operation in circuits designed for earlier generation 
EEPROMs. A-high voltage (12-22V) on W supports. separate 
byte erase and byte write operations required by prior EEPROM 
designs. The chip clear mode requires high voltage inputs on 
two control pins (w and G). 


TTL LEVEL CONTROLLED MODES 


BYTE READ 


The byte read mode drives the data line outputs (DQO-DQ7) with 
the contents of the EEPROM byte located by input address lines 
AO-A10. Read access time is 250 ns or less (R2816A-25/ 
R5516A-25). 


A byte is read by stabilizing address lines AO-A10, applying a 
TTL low to E to enable the device, and applying TTL low to G 
to enable the data output drivers. Output data is valid on 
DQO0-DQ7 after taypv, tecpv: OF taL_py time, whichever is 
limiting. W is held at TTL high throughout the cycle. 


STANDBY 
The standby mode reduces R2816A/R5516A power dissipation 
by over 60% (maximum ICC drops from 110 mA to 40 mA). 


ATTL high on E places the R2816A/R5516A in the standby mode 
regardless of the G or W input levels. The data output lines are 
in a high impedance state in this mode. 


BYTE WRITE 


The TTL controlled byte write cycle performs both a byte erase 
(all bits are written to the 1 state) and a byte write (all bits are 
written to the input data line states) in the same write cycle. A 
separate, preceding byte erase cycle is not required. 


Table 1. 


Chip | Output Write 
Select | Enable Enable 


TTL Modes Selection 


VO Data 


Byte Read 
Standby 

Byte Write 
Write/Read Inhibit 


Note: No Effect = No effect on logic selection, however, no voltage 


level other than TTL levels shail be applied. 





4-59 





Applying a TTL low to the W input of the selected EEPROM (E 
low) with the outputs disabled (G high) initiates the byte write 
cycle. The address is latched on the falling edge of W (or E, 
whichever occurs later) and the data is latched on the rising edge 
of W (or E, whichever occurs first). The EEPROM uses the 
internal timer to automatically complete the byte erase and write 
operation without intervention from the MPU. 


WRITE OR READ INHIBIT 


Applying a TTL low to E with both G and W held at TTL high 
enables the EEPROM but inhibits both reading from, and writing 
to, the device. 


OPTIONAL HIGH VOLTAGE 
CONTROLLED MODES 


HV BYTE ERASE OR BYTE WRITE 


The high voltage byte erase or write mode operates the same 
as the TTL level controlled byte write mode with the following 
exceptions: 


1. The active W voltage level is 12-22V rather than TTL low. 

2. Aseparate byte erase cycle must be performed with all data 
bits set to 1 (data lines are TTL high) prior to the byte write 
cycle. 


HV CHIP CLEAR 


The chip clear mode erases ail data in the R2816A/R5516A to 
the 1 state (TTL high) in 10 ms. 


When the device is enabled, raising W and G to a high voltage 
level (12-22V) initiates the chip clear mode, Dropping W below 
the high voltage. minimum level terminates the mode. The data 
lines must be held at TTL high. 


POWER UP/DOWN WRITE PROTECTION 


Internal circuitry protects the R2816A/RA5516A against a false 
write during VCC power application or removal. This circuitry 
prevents writing under any of the following conditions: 


1. VCC is less than 3V. -_ 
2. A negative transition on W does not occur when VCC is 
between 3V and 5V. 


Table 2. Optional High Voltage (HV) Modes Selection 


[Control Pins i Pins 


Output 
Enable 


(G) 


V/O Data 


Chip 
Select 
(E) 
Vit 
Vit 
Viv 


Write 
Enable 
Mode 


HV Byte Erase 
HV Byte Write 
HV Chip Clear 








R2816A and R5516A 16K (2K x 8) EEPROM 


AC CHARACTERISTICS 
Voc.= 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 


BYTE READ 


Limits (ns) 
R5516A-25 R5516A-3 
R2816A-25 — R2816A-3 R2816A-35 
Parameter 

























a Meie s  | G to Output in High Z (tpg) 
) taxax | Output Hold from Address Change (toy) 
eg | E Low to Power-Up Time 


E High to Power Down Time . 


| Min, | Max. | 

, | 20 | 

ae ee 

| el oe 
ae 

| EtoOutputinvighZ | 10 | 00 Tt 

I | 10 [100 

| so | 

DT a ee 

a ae 








Notes: 
1. Test Conditions: Output. Load: 1 TTL gate and C, = 100:pF; Input Rise and Fall Times: <20 ns; Input:Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V. 

2. G low may be delayed up to tg.gy after the falling edge of E without impact on tayay. 
3. tenaz and tguoz are specified from G or E high whichever occurs first. 







BYTE READ WAVEFORMS 










tavax 


no-ato &% - | LZ HKKKKKKKKKY) 
wid soos mae =o 


tavav 
Vin i ay iS ed = 


" ae een ae 
(| DATA VALID XX) Oy ( DATA VALID V7 
tp 





q| mi 
mn 
=< 
o 
N 


(DATA OUT) VAAN OO 
teu D 


(lee Vee . loca ACTIVE CURRENT 
CURRENT) lect 


STANDBY CURRENT 





R2816A and R5516A i ; 16K (2K x 8) EEPROM 
BYTE WRITE TIMING 


R5516A-25 R5516A-3 
R2816A-25 R2816A-3 _ Ri2816A-35 
Maximum Endurance R5516A | 1,000,000 
Ri2816A, R2B16AH | 10,000 


; R2816AH 
Write Cycle Time oe 
twe R5516A, R2816A 


= r 
= 
Write Hold Time 
| twrex | GHoldTime 
| twiwx | DataLatch Time 
Data Valid Time? 

i 
| twnox | DataHold Time 


Notes: 
1. W is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 
2. Data must be valid within 1 »s maximum after the initiation of a write cycle. 





cycles/ 
bytes 





3 
a 




















> BlZ (2/212 1212/212 
o HH | H/Hl[H/lGa |B]. 


[Mex | 
ey 
Ey 
cad 
a 
ad 
Foal 
eal 
B23 
Ed 
rere 
aati 
= 


BYTE WRITE WAVEFORMS 





A0-A10 
(ADDRESS) y) 


twiax 


BAN 


tonwe twrex 





twrwx 
twipv tovwn twuox 


sit —— GRRE onnmce __ORRRRTETY SURED 


pao-Da7 HIGH Z 
(DATA OUT) ————— 
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R2816A and R5516A 16K (2K x 8) EEPROM 
HIGH VOLTAGE BYTE ERASE/WRITE TIMING 


[| symbol | Parameter 
Address Valid to'W HV Setup Time (tas). 





mm 


W Fall Time 
: Data Hold Time (toy) yok 


W Recovery Time (twa) 


twupx. 
Address Hold Time = e 


| twacx | GHold Time - 





- AO-At0 
(ADORESS) 


pao-ba7 
(DATA IN) 


DQ0-D07 
(DATA OUT) - 








R2816A and R5516A | 16K (2K.x 8) EEPROM 
HIGH VOLTAGE CHIP CLEAR TIMING — 


| Symbot_ | Parameter | Min 
E Low to W HV Setup Time (tos) | 10. 


W Fall Time 
G Hold Time 








Test Conditions 















9 | al 
cas 
Pile 
Ile 
ae|c 
7 | St 
Olr 
F;=el< 
xi? 
<i¢ 
n\|u 
aia 
oid 
3/°? 
a 
@Q 
Ss 
es 
ee 
oO 
=| 
l 
< 


=| 
n 
a] alo 

s 
| 
nl 

—_ 
< 











=| 
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| 
U) 
Q 
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HIGH VOLTAGE CHIP CLEAR WAVEFORMS 


rr! 


=| 


DQ0-DQ7 
(DATA IN) 
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R2816A and RS516A 16K (2K x 8) EEPROM 





| PACKAGE DIMENSIONS 


24PIN CERDIP 


0.557 + 0.042 
(14.15 = 1.07) 


CTT? CY LY CT : 
1.260 + 0.025 0.160 x 0.02 0.610 = 0.01 
(32.00 % D.64) (4.06 + 0.50) (15.49 + 0.25) _ 


TTT 0.010 = 0.002 
(0.25 = 0.05) 











pape 0.725 MIN. P 
0.04 = 0.02 0.100 = an 010 IT =9.002 (3-17) 0.660 + 0.04 
(1.01 + 0.50) (2.54 + 0.25) (0.4 + 0.05) (16.76 + 1.01) 
0.065 x 0.008 
(1.36 + 0.20) 


DIMENSIONS IN INCHES ANO (MILLIMETERS) 
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#% 


Rockwell 


R2000 


Memory Products 


R2000 


64 x 8 NON-VOLATILE RAM 





Product Preview 
FEATURES 


DESCRIPTION 


The Rockwell R2000 Non-Volatile Random Access Memory 
(NVRAM) is a conventional 64 x 8 static random access 
memory (RAM) overlaid bit-for-bit with a 64 x 8 non-voltatile 
electrically eraseable programmable read only memory 
(EEPROM). The NVRAM combines the fast access read/write 
functions of static RAM with the permanent storage. capability 
of EEPROM. STORE and RECALL commands, implemented as 
addresses to provide maximum user flexibility, initiate RAM to 
EEPROM and EEPROM to RAM data transfers. In response to 
the STORE command, the contents of the RAM are written into 
the EEPROM within 12 ms. In response to the RECALL com- 
mand, the contents of the EEPROM are transferred to the RAM 


within 7.5 us. These commands require no additional control 


lines or external circuitry to support bus operation during power 
loss, thus greatly simplifying R2000 system design-in. 


Three inputs can be variously strapped to cause the R2000's 
byte-wide parallel bus interface to operate in one of five different 
bus configurations. This enables the R2000 to operate with most 
industry standard microprocessors and single-chip microcom- 
puters with extended: buses. 


R2000 applications include (1) saving of critical system data upon 
power failure, (2) permanent storage of instrument/machine self- 
recalibration or transmitted parameters, (3) password storage, 
(4) replacement of DIP switches used for system configuration, 
and (5) automotive applications ranging from entry-codes to 
engine performance adjustments. - 


Document No. 29000M16 
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‘Microprocessor and microcontroller: bus compatible 





Byte-wide 64 x 8 organization 
Single 5V power supply 

Low power dissipation 

— 50 mA active current 

— 10,mA STORE current 

— 25 mA Standby current 


10-Year data retention for each STORE 
Minimum 10,000 non-volatile STORE cycle endurance 





Five strappable, directly compatible, bus interface configurations: 
— R6500, R65C00, 6800 non-multiplexed bus 
— 280 non-multiplexed bus 

— A65C00/21, 6801 multiplexed bus 

— R6500/11, R6500/41 multiplexed bus 

— 8051 multiplexed bus — 

Software control of non-volatile functions 

— Storage protection 

— STORE and RECALL operation 

—- No additional control lines 

— Only a single externa! capacitor required 
Fast static RAM access time: _ 

— 125 ns (max.) for non-multiplexed bus 

— 250 ns (max.) for multiplexed bus 

Reliable N-channel floating gate tpehniclogy, 
TTL compatible- 

Self-timed STORE with power-down retention pin 


vec 

VAR 

92(WR) . 
NC(AS/ALE) 
=. 

MPX 


eee 
AS(NC) 
A4(NC) 
A3(NC) 
A2(NC) 
A1(NC) 
AQ(NC) 
DO(A0/D0) 
D1(A1/D1) 
D2(A2/D2) 
GND 


] RAW (RD) 
07 


O©ON TH FWD = 


pe. 
D5(A5/D5) 
] D4(A4/D4) 
D3(A3/D3) 


_ ok 
-~a © 





= 
Nv 


R2000 Pin Configuration. 
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ABSOLUTE MAXIMUM RATINGS” 


tae oe 
Supply Voltage -0.3 to #12.0° | Mde t. 









“NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 












OPERATING CONDITIONS 


Voc Supply Voltage - BV 45% 


0 to 70°C 












Temperature Range 


DC CHARACTERISTICS ae 
(Voc = 5.0V £5%, Ta =,0°C to 70°C, unless otherwise specified) 


| Input Leakage Current 











unit | Test Conditions’ 


‘Vin = GND to 5.25V 


Vout a .GND to Veco Max. 


= Vee +0V, -0.25V, 


ps0 | m | E- WV 5VSC*S 
[525 |v | STORE Gyete vec WV CS 


Ete Wien esl 
ei ites = ge 






















Vec Standby Current Tes 









Voc Active Current 


en 
ce 
isa 
Tes Sip volage [a 
ere 
20 
ee 
a 
a 
ined 





1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V. 

2. Typical values are for T, = 25°C and Vee = §.0V. 

3. This parameter is periodically sampled and is not 100% tested. 

4. All units are direct current (DC) except capacitance. 
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SIGNAL DESCRIPTION 


AOQ~A5 —Address Lines. The six address inputs select memory 
locations in RAM and initiate the STORE and RECALL com- 
mands. In a non- multiplexed bus configuration, these lines are 
assigned to the AO-AS5 pins. In a multiplexed bus configuration, 
‘some, or all, of the address inputs are shared with the DO~D5 
data lines. 


DO-D7—Data Lines. When E is LOW, the eight bidirectional, 
three-state, data lines transfer data from the R2000 RAM to the 
data bus during a read operation, or from the data bus to the 
R2000 during a write operation. When E is HIGH, the data lines 
are in a high impedance state. tn a multiplexed bus configura- 
‘tion, some of the data lines double as address lines. 


E—Chip Enable. E LOW input enables RAM read and write 
operation, as well as STORE and RECALL initiation. When 
E is HIGH, the R2000 is disabled and operates in a low-power 
standby mode. In the standby mode the R2000 consumes almost 
50% less power than in the active mode. The data output lines 
are in a high impedance state during standby mode. 


92(WA)—Clock/(Write). This pin acts as either the Clock ($2) 
or Write Enable (WR) input depending on bus interface 
configuration. When configured for an 6500/6800 bus, 02 clocks 
data in or out of the R2000 depending on the level of R/W. 
When configured for an Z80/8051 bus, WR LOW (and RD 
HIGH) enables data to be written from the data lines into the 
R2000. 


R/W (RD)—Read/Write (Read). This input pin serves as either 
Read/Write (R/W) or Read Enable (RD) depending upon the bus 
interface contiguration. When configured for an 6500/6800 bus, 
R/W HIGH enables data to be read from R2000 RAM to the data 
lines, whereas R/W LOW enables data to be written from the 
data lines into.the R2000. When configured for an Z80/8051 bus, 
RD LOW (and WR HIGH) enables data to be written from 
the R2000 RAM to the data bus.. 


NC(AS/ALE)—No Connect (Address Strobe/Address Latch 
Enabte). This pin is used only with a multiplexed bus. A HIGH 
on this pin—AS for an R6500/* bus, or ALE for the 8051 bus— 
indicates that a valid address exists on the data/address lines. 


MPX—Multiplex. The MPX; BC1 and BC2 inputs determine the 
bus interface configuration. MPX HIGH selects a multiplexed 
bus, whereas MPX LOW selects a non-multiplexed bus. 


' BC1, BC2—Bus Configuration 1 and 2. The BC1 and BC2 
inputs, in conjunction with the MPX input, determine the bus 
“interface configuration. Table 2 defines the specific bus selected 
by strapping each of these three inputs to’ either Voc or GND. 


-Vana—STORE Power Supply. This power down retention pin 


is normally connected to an external 470 »F capacitor. The 
capacitor retains enough power to write the data from RAM into 
EEPROM when STORE is commanded upon loss of V¢c. - 
Vec—Power. +5 Vdc. 


GND—Ground. Ground. 
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FUNCTIONAL DESCRIPTION 
The major functions in the R2000 NVRAM are (1) the volatile 


‘static RAM with its associated address decode, sense and read 


circuitry, . write control circuitry, and input receivers/output 
drivers; (2) the non-volatile EEPROM with its associated STORE 
and RECALL control circuit, and high voltage generator; and 
(3) the bus interface configuration logic. A block diagram of the 
R2000 NVRAM is shown in eis 1. 


HIGH 
VOLTAGE 
GENERATOR. 


BUS 
CONFIG- 
URATION 
CONTROL 


READ/ 


ee 
ee 


WRITE. 
CONTROL 
ADDRESS Epeal| Us 
DECODE 
64x 8 
STATIC RAM 


OUTPUT 
DRIVERS 
AND 
INPUT © 
RECEIVERS, 





Figure 1. 2000 Block Diagram 


RAM 


The 64 bytes of volatile RAM are located at addresses 0 to 3F 
(hexadecimal) as decoded from address lines AO-A5. Locations 
O and 1 in RAM are not accessible since addresses 0 and 1 cor- 
respond to the STORE and RECALL commands, respectively. 
The remaining bytes are available for general read/write access. 
Table 1 summarizes the memory map and. the command 
operations. , 


During normal operation, the RAM operates at bus speed without 
affecting the contents of the EEPROM. RAM. accesses are con- 


‘trolled by E, 92(WR), R/W(RD), and (AS/ALE) inputs depending 


on the strapped bus configuration. 


EEPROM 


The 64 bytes of non-volatile EEPROM shadow the static RAM 
cell-for-cell. Shadowing means that the RAM array is overlaid 
bit-fot-bit_ with the EEPROM array. The EEPROM operates in 
parallel with the static RAM during a STORE or RECALL thus 
providing immediate storage and retrieval. The first two bytes 
are not used because the corresponding addresses are used 
for the STORE and RECALL commands. 








R2000 


64 x 8 NVRAM 





‘STORE SECURITY KEY 


The STORE and RECALL circuit controls the transfer of data 
between the RAM and the EEPROM. When a STORE command 
is received, i.e., address 0 is written with the value B5 (hexa- 
decimal) on the data lines, data is copiéd from RAM to the 
EEPROM. The 65 value, called the STORE security key, is 
saved in an internal register during the STORE process. Once 
initiated, the STORE process completes under internal control: 
and cannot be interrupted by an external signal. Access to the 
RAM from the data bus is inhibited during this time (indeter- 
minate data will be output to the data bus if a read is attempted) 
and is re-enabled at the completion of the STORE. After STORE. 
is complete—less than 12 ms after receipt of the STORE 
command—the B5 value is erased to prevent an inadvertent 
STORE from occurring due to an unintentional generation of 
address 0. Internal R2000 circuitry also prevents alteration of 
EEPROM contents during Vcc and Var decay following power 
loss, and during Voc and Vara rise after power application. 


When a RECALL command is received, l.e., any data is written 
to address 1, data in the EEPROM is copied to the RAM. The 
RECALL time takes less than 7.5 ys. 





Table 1. R2000 NVRAM Memory Map 


Read/ | Data ; 
Write | Vatue: 












Address 


(Hex.) Function 


STORE. RAM to EEPROM. The RAM 
byte at this location is not accessible. 
The B5 data value is required to 

initiate the STORE sequence. 

















“No ‘Operation. 


RECALL RAM from. EEPROM. RAM 
data at this location is not accessible. 


Write Write data to RAM locations 02-3F. 
Read data from RAM locations 02~3F. 





01 























STORE AND RECALL EXECUTION: 


Read and write instructions can be executed in the application 
program to STORE and RECALL data either during normal 
operation or upon detection of power loss or turn-on. If performed 
as a part of normal operation, the STORE and RECALL instruc- 
tions can be executed either periodically or upon demand. If 
performed as a part of power on/off processing, the STORE 
instruction should be executed as part of the power loss detect 
interrupt handling routine, and the RECALL instruction executed 
as part of the power turn-on processing. 
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Varn CONNECTION: 


The Var pin is normally connected to an external 470 uF (min.), 
15V capacitor. The capacitor, charged through internal circuitry 
to a value of Voc - 0.25V, contains enough energy to complete 
a STORE operation upon foss of Voc. An internal current 
timiting switch prevents a large inrush current to the capacitor 
upon power turn-on. An internal power switch connected to Vcc 
opens during a STORE operation and when Vcc drops below 
Var to inhibit current drain from the capacitor into the Vcc 
power grid. 


If the Voc power grid has enough stored energy to support 
R2000 operation for at least 12 ms after the processor detects 
power loss and initiates a STORE, the Var pin can be con- 
nected to Vcc rather than the capacitor. 


SYSTEM CONNECTION... 


Figure 2 shows a typical system connection using an R6502 
CPU, 4K x 8 static RAM, system decode logic, on an R2000 
NVRAM. 


SYSTEM 


DECODE 








470pF 15V 


Figure 2. Typical System Interface 





R2000 | ace | 64 x 8 NVRAM 


BUS CONFIGURATIONS Table 2. Bus Configuration Strapping 
















Strapping MPX, BC1, BC2 inputs high (Voc or low (GND) con- 
figures the R2000 bus interface to operate with one of five dif- 
ferent busses as specified in Table 2. Figure 3 shows the five 
possible configurations. 


rr [Ww | Low [reson oon mips | 
co a 


Note: Low = GND, High = 













































Ad 
DO 
D1 


D7 AO 
D6 DO 
Ds D1 
D4 p2 
D3 GND 


07 
.06 
DS 
D4 


-BC2 (GND) 4 vec BC2 (GND) (_] 1 
BC1 (GND) 2 VAR BC1 (VCC) 2 
AS 3 @2 AS 3 
Aa 4 NC A4 4 
A3 5 E A3 5 
A2 6 MPX (GND) A2 6 } MPX (GND) 
Al 7 RW Al 7 AD , 
8 8 
9 9 












15 
14 
13 


_ 
o 
~~ 
an 












—_+ 
— © 
= 
—_ 
_ 
oy 





= 
ND 
_ 
LS] 













AG500, R65C00, 6800 Z60 
Non-multiplexed Bus Interface Non-multiptexed Bus Interface 








BC2 (GND) 1 BC2 (VCC) 1 ] vec BC2 (GND) 1 vcc 
BC1 (GND) 2 BC1 (GND) 2 1 VAR BC1 (VCC) 2. VRR 
Nc 3 AS 3 G2 Nc 3 WA 
NC 4 4c} 4 AS NC 4 AL- 
NC 5 A3 C15 E NC 5 E 
nc 6 A2 6 MPX (VCC) NC 6 E 
Nc 7 Al 7 RW NC 7 MPX (VCC) 
NC 8 AO 8 D7 NC 8 RD 
AQ/DO 9 po C/] 9 D6 A0/DO 9 D7 
A1/D1 D1 D5 A1/D1 10 D6 
A2/D2 D2 D4 A2/D2 ah A5/D5 
GND GND 03 GND 12 A4/D4 
. A3/D3 


R65C00/21, 6801 ; A6S00/11 and A6500/41 . 8085/8051. 
Multiplexed Bus Interface Multiplexed Bus interface Multiplexed Sus interface 








Figure 3. Five Possible Strapping Configurations 
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R2000 


PACKAGE DIMENSIONS | 


24-PIN CERDIP 


1.250 + 0.025 
(32.00 +0.34) 


0.100 0.010... 
0.04 +0.02 
(1.01 £0.50) (2.54 £0.25) 


DIMENSIONS IN INCHES AND (MILLIMETERS) 


: 0. 
(4418-4 


0.125 MIN. 


(3.17) 
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64 x 8 NVRAM 





0.619 +0.01 
(15.49 +0.25) 


0.010 +0.002 
(0.25 40.05) 





EPROM PINOUTS GUIDE 








Intel 27256 : 
Intel 27128 ; 
Intel 2764 
| .—— T.|. 2564 a | | 
Motorola 68764 
VPP {~ vpP vpp{ vpp4{1 | [7 Intel: 2732 ——— vec fF vcc 
A12 Al2 A1i24 CS142 T.I. 2532 PGM F- A14 
3 a7ti A13 A13 
4 Ab 2 
5 A573 
6 A444 Alt Alt Att 
7 A345 E/PGMEGNVPP |E/vPP2 G -G 
8 A246 A10 A10 A10 
A147 E E E 
A048 
Dao 9 
DQ 
DO2 
GND ; 
VPP = 21V VPP = 25V Rockwell ROM Plinouts (VPP = Chip Select in ROMS) 
27324 2732 2392A——> 2532 R23128 —» 27126 
2764 2592 R2332B ——> 2732 R23C64A ——> 68764 
27128* 2564 2964A ——»> 68764 R23C64B ——> 2764 
27256° 68764 R2364B ——» 2764 R87C32——» 272A 


NOTE: Pins Without Their Function Designated Are the Same as the Corresponding Pin on the 2532 
*12V for Intelligent Programming 
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SECTION 5 
INTELLIGENT DISPLAY CONTROLLERS 
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10951 Bargraph and Numeric Display Controller .............. he tated pies eee ae 5-41 
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INTELLIGENT DISPLAY CONTROLLERS 
Cut Costs 30¢/digit, Replace Up To 11 TTL Devices, 
Interface With Any Host »C 


Rockwell display controllers drastically cut the cost and — 
complexity of designing vacuum fluorescent (VF) displays 
into systems, can actually save up to 30 cents per digit. 
One 10937 can replace up to eleven TTL devices and can 
interface with any host microcomputer. VF Display 
manufacturers Futaba, NEC, and Noritake have all specified 
these controllers. 

-The 10937 is a single-chip alphanumeric display controller 
which directly drives 14 to 18 segment VF displays of up to 
16 characters. It includes brightness and refresh controls 
and logic, its.own RAM buffer, PLA segment decoder, and 
output driver. 

The 10951 single-chip display controller is similar to the 
10937 except the PLA segment decoder has been 
reprogrammed to drive a bar graph display and numerics. 

If neither the 10937 nor the 10951 PLA segment codes 
satisfy the user’s requirements, a custom code may be 
: specified for the single-chip display controller. 

The 10938 segment decoder/driver and the 10939 digit 
controtler/driver operate as a set to drive dot matrix 
displays. A single set controls 5 x 7 dot matrix displays of 
up to 20 characters or cascaded to control up to 


80 characters. Operating at 50V, the sets can drive VF 
displays and, with external drivers, LED, CCD, gas 
discharge and incandescent displays. 

The 10941 can team with the 10939 to drive 
alphanumeric 14-18 segment VF displays of 20 to 
40 characters and bar graphs. The 10942 and 10943 can 
team with the 10939 to drive 40 to 80 character 5 x 12 dot 
matrix displays. 

The Rockwell display controllers are finding wide 
application in printers, photo copiers, typewriters, FAX 
machines and in various automotive and white goods uses. 
If the user has specia! requirements, a custom code may be 
specified for the segment decoder/driver device which can 
be packaged in a 40, 28, or 24 pin DIP according to the 
device type selected. 

A new single-chip controller is under development. which 
will be similar to the 10937/10951 devices except the user 
will have some control over the number of display outputs 
allocated as strobes or segments, the PLA will be doubled 
in size to allow 128 characters and the PLA may be 
bypassed to allow direct contro! of segments. 


VACUUM FLUORESCENT CONTROLLER APPLICATIONS 


Single Chip 


Display 
Controller 


Display Type (See Part No.) 


¢ 8 Char. 14-18 Sag. 

© 10 Char. 14-18 Seg. 
* 16 Char. 14-18 Seg. 
¢ 20 Char. 14-18 Seg. 
® 32 Char. 14-18 Seg. 
* 40 Char. 14-18 Seg. 


1 (10937) 
1 (10937) 
1 (10937) 


# 20 Char. 5 x 7 MTX 
© 32 Char. 5 x 7 MTX 
© 40 Char. 5 x 7 MTX 
© 40 Char. 5 x 12 MTX 





* 80 Char. 5 x 7 MTX 
© 80 Char. 5 x 12 MTX 


° Numeric + Bar Graph 


*Also Controls Bar Graph Displays 


1 (10951) 





Multi-Chip Display 
Controller 


Anode Driver 
Type Grid Driver 
(See Part No.) (10939) 





1 (10941)* 
14 (10941)* 
1 (10941)* 


NN = 








1 (10938) 

1 (10938) 

1 (10938) 

1 EA (10942) 
(10943) 

1 (10938) 

1 EA (10942) 
(10943) 


NM N 


fh 
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ALPHANUMERIC DISPLAY CONTROLLER 





Rockwell 


PRELIMINARY 


DESCRIPTION FEATURES 
The 10937 Alphanumeric Display Controller, one of the Rock- e 16 character display driver with decimal point and comma tail 
well Intelligent Display Controller products, is a MOS/LSI e 140716 segment drivers 
general purpose display ssi apes to belie saad ° Average data rate: 66: KHz 
mented displays (gas discharge, vacuum luorescent, or ). © Single character burst rate: 500 KHz 
The 10937 will drive displays with up to 16 characters with 14 e TTL compatible 
or 16 segments plus a decimal point and comma tail. Segment e Direct digit drive of 10 ma for 30, 35, and 40 volt. displays 
decoding within the device provides for the ASCII character set e Supports gas-discharge, vacuum fluorescent, or LED displays 
(upper case only). No external drive circuitry is required for dis- » 64 x 16-bit PLA provides segment decoding for ASCII char- 
plays that operate on 10 ma of drive current up to 40 volts. A acter set (all caps only) ~ 
16% OF DIL seginent Gecoder provides.intemal AS Cll charantel e Serial data input for 8-bit display and control data words. 
set decoding for the display. 40-Pin DIP 

e 40- 


ORDERING INFORMATION 


Part Package | Drive Temperature 
Number Type Voltage Range | 


10937P-30 Plastic 0°C to +70°C 
10937P-35 Plastic 0°C to +70°C:- 
10937P-40 Plastic 0°C to +70°C 
10937PE-30 Plastic —40°C to +85°C 
10937PE-35 Plastic —40°C to +85°C 
10937PE-40 Plastic —40°C to +85°C 






























DISPLAY SEGMENT 
DATA 
BUFFER DECODER 
TIMING 
AND 
CONTROL 


OECIMAL PT. 
COMMA TAIL SEGMENT 


DRIVERS 


OIGIT DRIVERS 





AD10 
A011 
AD12 
A013 
A014 
ADI5 
ADI6 


10937 Block Diagram 





Document No. 29000D85 . Data Sheet Order No. D85 
5-3 Rev. 3, January 1983 





10937 
INTERFACE DESCRIPTION 





10937 Pin Functions 


VSS Power and signal ground 

AD16-AD1 “Digits 16 through 1 driver outputs 

VDD DC power. connection 

A A clock used only for device testing 

POR Power-on reset input 

DATA: Serial data input 

SCLK | Serial data clock input 

| SGA-SGP Segments A through P driver outputs 
TAIL Comma tait driver output’ 

PNT Decimal point driver output 


SPECIFICATIONS. 
Maximum Hetings 


ame Tt [i [| 


‘Supply Voltage © 

Power Dissipation _. 

Input Voltage 

Output Voltage 

Operating Temperature 
Commercial 
Industrial 

‘Storage Temperature 

Input Capacitance 

‘Output Capacitance: 


D.C. Characteristics 






























































Parameter 


Supply Voltage (Vpp) 
Input DATA, SCLK, 
Logie "1” 
Logic “0” 
Input POR 
Logic "1” 
Logic "0" 

- Output Digit and 
Segment Strobes 
Driver On 

Commercial 
Industrial 
Driver Off 10937-30 
Driver Off 10937-35 
Driver Off 10937-40 
Output Leakage 
Input Leakage 


NOTES: All outputs require Pulldown Aeabior. 


A.C. Characteristics 
Characteristic 


Internal Clock (1 Bit Time) 
Commercial 
Industrial 


Segment or Digit Strobe Output 


SCLK Clock 
On Time 
Off Time 


Data Input Sample Time 
Before SCLK Clock Off 
After SCLK Clock Off 
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PNT 
TAIL... 
] SGP. 
SGO 
SGN 
SGM 
SGL 
SGK 
SGJ 
SGI 
SGH 
SGG 
SGF 
SGE 
SGD 
SGC 
SGB 
SGA 
SCLK 
DATA 


1 
2 
. 
4 

5 
]6 
7 
8 





10937. Pin Configuration 
This device contains circuitry to protect :the inputs against 
damage due to high static voltages, however, it is advised 


that normal precautions be taken to avoid application of any 
voltage higher than maximum rated to this circuit. 


All voltages are specified relative to Vs. 


Limits (Vgg = +5V) 


Conditions 


At tOmA 


Actual value 
determined by 
external circuit 


| } Per driver at 
driver off 
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SCLK and Serial Data Timing 


SCLK 


*DATA must be stable during this time. 


SCLK and Serial Data (Control Word) Examples 


+5V MSB TIME ——_—_—____»> 


ee co SR Ie a ah es 


LOAD DUTY CYCLE = 11 


LOAD BUFFER POINTER = 11 


LOAD DIGIT COUNTER = 15 


NOTE: Crosshatch = don't care 


Data Word LSB/MSB Timing - 


END OF. : NEXT 
DATA WORD DATA WORD 


MIN 40 .SEC 


‘MIN 120 .SEC 


Power-On Reset Voltage Limits 





—13.5V | — __- __ 
VOLTAGE 
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FUNCTIONAL DESCRIPTION Load Digit Counter 

The 10937 is a general purpose display controller for multi- The LOAD DIGIT COUNTER code is normally used only during 
plexed, segmented displays with up to 16 character positions initialization routines to define the number of character positions 
and 14 or 16 segments, plus decimal point and comma tail. No to be controlled. This code maximizes the duty cycle for any 
external drive circuitry is needed for displays requiring up to.10 display. If 16 characters are to be controlled, enter a value of 
ma of drive current up to 40 volts. All timing signals required to O (zero). Otherwise, enter the value desired. 

contro! the display are generated in the 10937 device without 

any refresh input from the host processor. Load Duty Cycle 

Input data is loaded into the Display Data Buffer via the Serial The LOAD DUTY CYCLE code is used to turn the display on 
Data Input (Data) channel. Internal timing and control blocks and off, to adjust display brightness, or to modify display timing 
synchronize. the segment.and digit output signals to provide the for gas discharge displays. As shown in the block diagram, the 
proper timing for the multiplexing operation. A 16 x 64-bit PLA time slot for each character is 32 clock cycles. The Segment 
is provided for segment decoding for the full ASCII character set © ang Digit Drivers for each character are on for a maximum of 


31 cycles with a 1 cycle inter-digit off-time. The LOAD DUTY 


u t case only). 
pppe ¥) CYCLE code contains a 5-bit' numeric field which modifies the 


Input data is loaded into the 10937 ADC as a series of 8-bit on-time for segment Driver Outputs from 0 to 31 cycles. A duty 

words with the most significant bit (MSB), bit 7, first. If bit 7 of cycle of 0 puts both the segment and digit drivers into the off 

any word loaded is a logical 1 (this bit is referred to as the control state. 

bit C), the loaded word is a control data word. If the C bit of any 

word is a logical 0, the loaded word is a.display data word. The INPUT DISPLAY DATA WORDS | 

following paragraphs describe the format and functions of these . Display data words are loaded as 8-bit ASCII format codes. The 

control and display data words. 64 codes available (with the C-bit set to 0 to indicate a display 
data word) are shown in Table 2 with their corresponding ASCIl 

INPUT CONTROL DATA WORDS characters. 


When the C-Bit (bit 7) of the 8-bit input word is a logical 1, bits ; : ee . 
5 and 6 are decoded into one of four control commands while Sixteen display data words must be entered to completely load 
data associated with the command are extracted from bits 0-4 the Display Data Buffer. The Buffer Pointer is automatically 


(see Table 1). There are three contro! codes which.perform the incremented before each data word is stored in the Display 
following display functions: ' Buffer except for decimal point and comma words. These do not 


cause the Buffer Pointer to increment and thus are always 


e Load the Display Data Buffer pointer, associated with the previous character entered. To select the 
« Load the Digit Counter, next character position to be loaded out of the normal sequence, 
e Load the Duty Cycle register. use the LOAD BUFFER POINTER command before entering 

; the display data word. It is not necessary to use the LOAD 
A fourth control code is defined but is not intended as a user ’ BUFFER POINTER command to cycle back to position 1 when 
function (see note associated with Table 1). Table 1 lists the less than 16 character ‘positions are being used (DIGIT 
control codes and their functions. COUNTER = 0). 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is loaded 
with a decimal equivalent value 2 less than the desired value 
(i.e., to point to character 6 of the display, a value of 4 is 
entered). 


Table 1. Control Data Words 










8-Bit Control Word 
7-Bit Code (Bits 6-0) 








C-Bit (Bit 7) 





































1 O1ONNNN‘ LOAD BUFFER POINTER (Position of character to be changed) 

1 1OONNNN LOAD DIGIT COUNTER (Number of characters to be output) 

1 11NNNNN®@) LOAD DUTY CYCLE (On/off and brightness control) 

1 OONNNNN'*? TEST MODE ONLY (Not a user function) 

1. NNNN is a 4-bit binary value representing the 3. This code is a davice test function only. If exe- 
digit number to be loaded cuted it will lock the device in the test mode 

2. NNNNN is a 5-bit binary value representing the which can be removed only by performing a 
number of clock cycles each digit is on. z power-on reset. 
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4 __—_____— pwsrLayevere 0 
| 31 BIT TIMES 512 BIT TIMES 

GNDr ; . : _ | 
~V 





~ ADIS sl ce ne te 


ADIS | ; 
> |< 31 BIT TIMES 
GND 7 rs ms 
SGx -V re 


i fl 
| ml <4 1 Bit TIME 
j Us 





NOTE: 
Timing shown Is for 16 characters with a duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 


Table 2. Character Assignments for Display Data Words 


DATA WORD | CHARACTER | DATA WORD | CHARACTER | DATA WORD | CHARACTER | DATA WORD | CHARACTER _ 


0X100000 . 0X110000 
~0X100001. | 0X110001 


0X000000 
0x000001 
0X000010 
0x000011 
0X000100 
0X000101 
0X000110 
0X000111 
0X001000 
0X001001 
0X001010 
0X001011° 
0X001100 
0X001104 
0X001110 
0X001111 


0X010000 
0X010001 
0X010010 
0X010011 
0X010100 
0X010101 
0X010110 
0X010111 
0X011000 
0X011001 
0X011010 
0X011011 
0X011100 
0X011104 
0X011110 
OX0111114 


4 OX100010 | 0X110010 

»  0X100011 | 0X110011 
0X100100 0X110100 
0X100101 - 0X110101 
0X100110 0X110110 
0X100111 0X110111 
0X101000 0X111000 
_0X%101001 0X111001 
0X101010 0X111010 
0X101011 0X111011 
-0X101100 ; 0X111100 
0X101101 0X111101 
0X101110 ; 0X111110 - 
OX101111 OX111111 


OOnonusraonad 


OZErAC-IOMMIIOD>S® 
| DH ~ONXK XE <KCHHDOND 


VI Awe 
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10937 


POWER-ON RESET (POR) 


The Power-On Reset (POR) initializes the internal circuits of the 
10937 ADC when power (Vpp5) is applied. The ewig condi- 
tions are established after a Power-On Reset: 


a. The Digit Drivers (AD1-AD16) are in the off state (floating). 


_-b, The Segment Drivers (SGA-SGP) are in the off state 


(floating). This includes PNT and Tail. 
c. The cycle on-time for the LOAD DUTY CYCLE is set to 0 
_ cycles. 
d. The LOAD DiGiT COUNTER i is set to 16 (a bit code lis 
of 0). 
e.- The LOAD ‘BUFFER POINTER is set to 15 to allow the first 
character to be entered into position 1. , 


DIGIT DRIVERS (AD1-AD16) 


The. sixteen Digit Drivers (AD1-AD16) are used. to select. each 
of the display digits sequentially during a refresh scan. Display 


segments will be illuminated when both the Digit Drivers and ° 


Segment Drivers for a particular character are energized simul- 
taneously. The timing characteristics of both the digits and seg- 


ments are shown in Figure 1. See POR for the Power-On’ Reset - 


state of these drivers. 


SGF 


Alphanumeric Display Controller 


SEGMENT DRIVERS (SGA-SGP) 


Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 


the decimal point (PNT) and comma tail (TAIL). The segment 
outputs: are: internally decoded from the 8-bit characters in the 
Display Data Buffer by means of a 64 x 16-bit PLA. The Seg- 
ment Driver Allocations are shown in Figure 2. Data codes and 
their corresponding segment patterns are shown in Figure 3. 


‘Timing characteristics for the segment outputs are shown in 


Figure 1. See POR for the Power-On Reset state of these 


drivers. 
NOTE 
For 14-segment displays, SGA is used for the top seg- 
ment and SGF is used for the bottom segment. SGB and 
SGE can be floated. 
TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10937 driven by a Host System as it would 


_be connected to a V-F display. EK is determined by the V-F 
‘display specifications and RC is selected to provide proper 


biasing current for zeners. Pull down resistors RA and RG are 
determined by the. interconnection capacitance between. the 
10937. and the Aeplay; 


Figure 2. Segment Driver Allocations 
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10937 _ Alphanumeric Display Controller 


DECIMAL 
POINT 
+ 


TAIL 


PRY LIE peer ~ 


NOTES: 1. Indicates characters that will not look the same as shown on a 14 segment display. 
2. The LSD reed to the three least significant bits (0-2) and the MSD corresponds to the next three bits 
(3-5) in Table 2 
Figure 3. Display Segment Driver Character Patterns 








0937.00 - Alphanumeric Display Controller 





| TYPICAL 
ANODE 


TYPICAL (SEGMENT) 
GRID : ; 
(DIGIT) 





sesso V-F DISPLAY 


Figure 4. Typical System Schematic 
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_ 10938 e 10939 


¢ & 10938 AND 10939 


lhe SCOMTROLLER 
Rockwell DOT MATRIX DISPLAY CONTROLLER. 





DESCRIPTION FEATURES 

The Rockwell 10938 and 10939 Dot Matrix Display Controller e 20-character display driver cascadable to 80 or more 
is a two-chip MOS/LSI general purpose display controller system characters 

designed to interface to dot matrix displays (gas discharge, e Standard 5 x 7 character font. Custom fonts available by — 


vacuum-fluorescent or LED). special order 

e Separate cursor driver output 

e Direct drive capability for vacuum-fluorescent displays 

96 « 35 PLA provides segment decoding for full 96-character 


The two-chip set will drive displays with up to 35 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of 80 characters or more with 


any number of segments. An internal PLA-type segment decoder ASCII set 
provides character decoding and dot pattern generation for the e Serial or paralle] data input for 8-bit display and control 
full 96-character ASCII set. characters 

e Brightness, refresh rate, and display mode controls 
ORDERING INFORMATION e 40-pin DIP 





Part -Package Temperature 
Number Type Range 


10938P Plastic ; OC to +70°C 


10938PE Plastic -40°C to +85°C 
10939P ; Plastic d O°C to +70°C 
10939PE i Plastic —40°C to +85°C | 


20-CHARACTER 5 x 7 DOT MATRIX DISPLAY be 


GRID DRIVERS 


CONTROL 
LOGIC 
t SHIFT: ~ fy 











STROO-STRA19 










10938 10939 





ANODE DAIVERS AND LATCHES 
INVERSION . . 
LOGIC 









CEVEL 


&BIT SHIFT 
REGISTEA 


Block Diagram of 10938 and 10939 





Document No. 29000D96 Data Sheet Order No. D96 
5-11 Rev. 1, November 1982 


10938 & 10939 —_ = Dot Matrix Display Controller 








INTERFACE DESCRIPTION 


10938 Pin Functions _ 10939 Pin Functions 
Signat Name | Function = “|.” Signal Name Pin No. | ". Funetion — 





Power and signal: ground 
DC Power 
Synchronization Clock 
Cursor drive output 
MASTER : Master/Slave Made control 
SIP -| Syne Input , 
SOP Sync Output 7 
DO-D7 Serial or parallel data input 
| LD Input data strobe , 
POR Power-on reset 
SCLK-DIS Serial data shift clock 
DATA-LOAD DATA-LOAD Serial data output/latch control 


| Mss - 2 Power and signal ground 
$G01-SG35 3-25, 27-38 | Segment driver outputs 


SCLK-DIS 39 ‘Serial data shift 
DATA-LOAD 40 Serial data output/latch control 
1 DC Power . 
26 Pull down driver voltage 




















SCLK-DIS STROO-STR19, Anode Drive Outputs 
$G01 Veg s Pull down driver voltage 
SG02 
SG03 = z 
SGo4 SCLK-DIS.. DATA-LOAD 
SG05 . : " SOP MASTER. 
SG06 SIP: “CLOCK 
SG07 POR 1 Vo5 
SG0S8 ; Lb Ves 
- $G09 | | 56 vi. 
SG10 D1 STROO 
SGi1 : D2 STRO1 
SG12 D3 STRO2 
Vac D4 STRO3 
$G13 D5 STRO4 
SG14 D6 STROS5 
SG15 D7 . STROS 
SG16 CURSOR STRO7 
SG17 STR19 STROB 
STR18 STROS 
10938 Pin Configuration STRI7 STR10 
: STRI6 - STR11 
STRIS STR12 
STR14 STR13 
SPECIFICATIONS 10939 Pin Configuration 





Maximum Ratings 











Parameters , Notes’ 





Operating Temperature 
Commercial 
Industrial 

Storage Temperature 


Operating Voltage ; 
Operating Display Voltage 


Power Dissipation (total) 
loag = O MA per driver 
laa = 2 MA per driver 








Power Dissipation 


{| NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. 
3. Designates characteristics for 10939. 
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10938& 10989 = =  ___ Dot Matrix Display Controller 


D.C. Characteristics 


Input DO-D7, LD, SIP 
Logic 1” 
Logic “0” 
Input POR 
Logic “1°. 
Logic ”0” 


Output SOP 


Logic "1". 
Logic “0” 





Output Digits, Cursor, and Segments 
Logic "1" (laa = 10 mA) 
Logic “0” (Iioaa = O MA) 


NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. - 
3, Designates characteristics for 10939. 





A.C. Characteristics. 


a ee ae a 


CLOCK Cycle Time 
Commercial 
Industrial 





Display Outputs 
(STROO-STR19 and CURSOR) 


SERIAL INTERFACE TIMING 





Serial Clock (D1) 
On Time Teese 
Off Time an Tene 
Cycle Time : Tsceye 
Serial Data (DO) 
Set-up Time Tezews 
Hold Time Tehota 


Serial Clock to LD Time 


LD to Seriat Clock 
PARALLEL INTERFACE TIMING 





Parallel Data. (D0-D7) 
Set-up. Time 
Hold Time 


Tosetun 
Tproia 


Data Load (LD) : ; 
On Time : ' Tidon 
Off Time Thao 
Commercial 
Industrial 

Cycle Time Tideve 
Commercial : 
Industrial 


"40 pf. maximum load capacitance. 
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10938 & 10939 | Dot Matrix Display Controller 


‘SERIAL INTERFACE TIMING WAVEFORMS 


Tsceys 


Tseon —>}— Trot 


PARALLEL INTERFACE TIMING WAVEFORMS 
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10938 ‘& 10939. 


FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10938/10939 system generates all timing signals 
required to control the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
‘and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10938 to provide the 
proper timing for the multiplexing operation. A 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 shouid 
be tiéd down to Vp, externally. Raising any one of these lines 
to the Vsg level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Contro! or Display data. The fol- 
lowing paragraphs describe the format and functions of these 
control and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01,,). Control words and their functions 
are defined in Table 1. 


Table 1, Control Word Assignments 


[aon Vawe] natn 


Not used 
Load 01 into Data Buffer 
Not used 
Not used 
Not used : 
Set digit time to 16 cycles per grid 
Set digit time to 32 cycles per grid 
| ‘Set:digit time to 64 cycles per grid S 

‘” Enable Normal Display Mode (MSB in data words 

is ignored) 
Enable Blank Mode (data words with MSB = 1 
will be blanked) 
Enable Inverse. Mode {data words with MSB = 1. 
will be “inversed’) — 
Not used 
Not used 

~ Not used 
Start Display Refresh Cycle (use only once after 

. reset) 
Not used 

. Not used 
Load Duty Cycle Register with lower 6 bits (0-63) - 
Load Digit Counter (80= 32, 61= 1, 82=2, atc.) 
Not used 

| ‘Load Buffer Pointer Register with lower 5 bits 

Not used. 





5-15 


Dot Matrix Display Controller 


Load Buffer Pointer 


The Load Buffer: Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are joaded Into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes 


‘Character 
Position 


0. 
1 
2 
3 
4 
5 
6 
7 
8 
9 





NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 


Load Digit Counter 


The. Load Digit Counter defines the number of character 
-positions (grids).to be controlled. This code is normally used: - 


only during initialization routines, but it may also be used in 
conjunetion with the Load Duty Cycle control code to extend 
the range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 

off, to adjust display brightness, or to modify display ‘timing. 

The time slot for each character is 16, 32, or 64 cycles as 

selected by the Load Digit Time codes (see Table 3). The 

segment. and digit drivers for each character are on-for a” 
maximum. of 13, 29, or’61 cycies witha 3.0 cycle inter-digit 

off-time. The lower 6 bits of the Load: Duty Cycle. code are 

loaded into the Duty Cycle Register. Resultant duty cycles 

are shown in Table 4. . . 








10938 & 10939 


Dot Matrix Display Controller 





Table 3. Load Digit Counter Codes 
No. of Grids 


Digit 
Counter Value 


Controlled — 





Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If. either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a1” selects either. Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank. mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control Codes 


Digit Time=16 Digit Time=32 _ Digit Time=64 





= 16 — 92 —~ 
— 16 = 32 — 
1 15 1 31 1 
2 14 2 30 2 
3 13 3 29 3 
4 12 4 28 4 
5 11 5 27 5. 
6 10 6 26 6 
7 9 7 25 7 
8 8 8 24 8 
9 7 9 23° 9 
10 6 10 22 10 
11 5 1 241 11 
12 4 12 20 12 
13 3 13, 19 13 
13 3 14 18 14 
13 3 15 17 15 
13 3 16 16 16 
¢ - 17. “45 17 
me 25 7 25 

2 26 6 26 
é 27 5 27° 

28 4 28 

vi 29° 3 29 

g 29 3 30 

¥ 29 3 31 

y : x 32 

z ‘ M 58 

é i ; 59 

y : - 60 

Q 7 s 61 








In the Blank mode, any character with the MSB="1" will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video” format.. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 


Start Refresh 


At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This is particularly useful for syn- 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 





10938 & 10939. 
INPUT DISPLAY DATA WORDS 


“Display data words are loaded as 8-bit codes: The. eighth: 
(most significant) bit specifies normal (0) or blank/inverse (1). 


display mode, depending on’ the blank/inverse mode selec- 
tion (see Control data words 09 and 0A in Table +). Figure 
1 shows the: ASCII codes for the segment patterns for a bar- 
graph display. ~ 


Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 
To select the next character position to be loaded out of 


sequence, use the Load Buffer Pointer command. The Buffer 


Pointer will automatically reset to character position 0 when 
its value is equal to the Digit Counter programmed value. 


POWER-ON RESET 
The Power-On Reset (POR) initializes the internal circuits of 
the 10939. This is normally accomplished when power (Vpp) 


is applied. The following conditions are established by appli- 
cation of POR: 


a. The Grid Drivers (STROO-STR19) on the 10939 are in the. 


’ off-state. 


o 


off state. 
. The Duty Cycle is set to 0. — 
. The Digit Counter is set to 32. 
. The Buffer Pointer is set to 0. 
The Digit time is set to 64.. 
. The Normal display mode is set. _ 
. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to Vo; to disable the segment drivers in 
the. 10938. 7 
-j. SOP is set to Vo, to disable the sync pulse. 
-NOTES: 
4. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 
-2. During the: initial rise time of Vp at power turn-on, the 


->3>0o -~o A090 


magnitude of Vg should not exceed: the magnitude of. 


DIGIT DRIVERS (STROO-STR19) PLUS CURSOR | 


The 20 Digit Drivers select each of the ‘display character 
Positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 


Segment Drivers for a particular character are energized 


simultaneously. The Cursor segment is generated by the 
10939, but its timing characteristics are identical to the 16° 
_ segments generated by the 10938. 


SEGMENT: DRIVERS (SG01-SG35) 


Sixteen Segment Drivers are provided in the 10938. The 
output states for each ASCII character pattern and each.bar- 
graph pattern are internally decoded from the 8-bit charac- 
- ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCH patterns are 
shown in Figure 1. Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 


“b. The Anode Drivers (SG01-SG35) on the 10938 are in the’ 





Dot Matrix Display Controller 





The four least significant bits of the seven bit ASCII code are . 
shown In hex notation down the left side of the table. The 


three most significant bits are shown across the top of the 


table. 


Figure 1. Dot Matrix Patterns 








10938 &-10939 ae 7 | Dot Matrix Display Controller 





TYPICAL SYSTEM HOOKUPS 


‘Figure:3 shows a 10938 and a 10939 in a parallel interface 
with the host system driving a 20 character display. Figure 
4 shows a 10938 and a 10939 in a serial interface with the 
host system driving a 20 character display. Figure 5 shows 
a 10938 and two 10939’s interfaced parailel with the host 
system driving a 40 character display. 





FILAMENT 1 


FILAMENT 2 


STROO-STR19 


SG01-5G35 


-15¥ - i sop 


+V sip 


-45¥ 
MASTER -15¥ (Veo) ” 


_ DATA-LOAD clock N.C. 


SCLK-DIS 


FILAMENT 1 


FILAMENT 2 


STROO-STA19 


$G01-SG35 


-45V 


-15¥ (Yoo) 
DATA-LOAD 


SCLK-DIS 


LATCH SERIAL DATA 
clock 
HOST SYSTEM 


Figure 4, Typical Display System with Serial Interface to Host System 








10938 & 10939 Dot Matrix Display Controller 





40 CHARACTER VACUUM TUBE a RENT 
FLUORESCENT DISPLAY 


——. FILAMENT 2, 


STROO-STR19 STROO-STR19 


MASTER 
CLocK 10939 (SLAVE) 


SYSTEM 


Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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Rockwell 


DESCRIPTION 


The Rockwell 10939, 10942, and 10943 Dot Matrix Display 
Controller is a three-chip MOS/LSI general purpose display con- 
troller system designed to interface to dot matrix displays (gas 
discharge, vacuum-fluorescent or LED). 


The three-chip set will drive displays with up to 46 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of up to 80 characters with 
any number of segments. An internal PLA-type segment decoder 
provides character decoding and dot pattern generation for the 
full 96-character ASCII set. 


ORDERING INFORMATION 








































10939P Plastic 0°C to +70°C 
10939PE Plastic -40°C to +85°C 
10942P Plastic 0°C to +70°C 
10942PE Plastic —40°C to +85°C 
10943P Plastic o°C to +70°C 


10943PE Plastic —40°C to +85°C 









ANODE OAIVERS AND LATCHES 





96 x 23 PLA 






Document No. 29000D99 


Part Package Temperature 
Number Type to. ‘Range 


20-CHARACTER 5 x 12 DOT MATRIX DISPLAY 









Block Diagram of 10939, 10942, 10943 


10939 - 10942 - 10943 


10939, 10942, & 10943 
DOT MATRIX DISPLAY CONTROLLER 





FEATURES 


e 20-characier display driver cascadable to 80 characters 

e Standard 5 x 12 character font. Custom fonts available by 

special order 

Separate cursor driver output 

e Direct drive capability for vacuum-fluorescent displays 

e Two 96 x 23 PLA’s provide segment decoding for full 96- 
character ASCli set 

e Serial or parallel data input for 8-bit display and control 

characters 

Brightness, refresh rate, and display mode controls 

10939 provided in 40-pin DIP . 

e 10942 and 10943 provided in 28-pin DIP 












ANODE DRIVERS AND LATCHES 


LEVEL 
DETECT 











INVERSION 
LOGIC 


96 x 23 PLA 















STROC-STR19 





Galo 
DRIVERS 





Data Sheet Order No. D99 
March 1983 





10939, 10942, & 10943 


INTERFACE DESCRIPT ION 
10942 and 10943 Pin Functions 


Signal Name Pin No. Function 


Voo 1 
$G01-SG23 
Vac 
SCLK-DIS 
DATA-LOAD 


3-17 19-26 | 


DC Power 


| Power and signal ground 
Segment (Anode) driver outputs 


Pull down driver voltage 
Serial data shift 


| Serial data output/latch control 


DATA-LOAD 
SCLK-DIS 
[1sGo1 
$G02 
S$G03 


;. 10942 and 10943 
Pin Configurations 


SPECIFICATIONS 
Maximum Ratings. 


Operating Temperature 
Commercial 
Industrial 

Storage Temperature 


Operating Display Voltage 
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Dot Matrix Display Controller 


10939 Pin Functions . 
Function 


Signal Name 


Vss 

Voo 
CLOCK 
CURSOR 
MASTER 
SIP 

SOP 
DO-D7 
LD 

POR 


SCLK-DIS 
| DATA-LOAD 


STROO-STR19 
Vee 


SCLKDIS 


| CURSOR 
STRI19 


STR18 | 
STRI7 


STRI6 
STRIS5 
STRI4 


DONDUAWNo 


Power and signal ground’ 
DC Power 
Synchronization Clock 
Cursor drive output 
Master/Slave Mode control 
Syne Input ” 
Syne Output 

Serial or parallel data input 
Input data strobe 
Power-on reset 

Serial data shift clock 
Serial data output/latch control 
Anode Drive Outputs 

Pull down driver voltage 


DATA-LOAD 
MASTER 
CLOCK 
Vop 
Vss 
Voc 
STROO 

| STRO1 

} STRO2 
STRO3 
STRO4 
STRO6 
STa07 
STROS 
STROO 
STR10 
STRI11 
STR12 
STR13 














10939, 10942, & 10943. _ Dot Matrix Display Controller 








D.C. Characteristics (Vpp = —18 to —22 Vdc, Vsg = 0 Vde, unless otherwise noted.) 
Parameter Symbol Min .. Typ 


10942 & 10943. 
Output Segments 
Logic “1” (ILoan = 2 mA) 
Logic “0” (Ioan = 0 mA) 


10939 

Input DO-D7, LD, SIP 
Logic “1” 
Logic “0” 

Input POR 
Logic “1” 
Logic “Q” 

Output SOP 
‘Logic “1” 
Logic “0” 

Output Digits, Cursor 
Logic “1” (ligag = 10 mA) 
Lagic “O" (ligaa = 0 mA) . Vor Vee 


Note: FA = 0°C to +70°C (commercial) or —40°C to +85°C (industrial), unless otherwise noted. 











Operating Currents 





Parameters : Industrial Comniercial 
TA = — 40°C 2 TA = 0°C TA = 28°C 
Vop = —22Vde Vop = —22Vde is Vop = —20Vdc. 


10939 (master) 


lbp 
log!” 


Iss?) 
10939 (slave) 


Ipp 
lag!” 


13 
Igg\*? 


Notes: 

1. The 10942 and 10943 each have 35 internal driver outputs, 23 of which are brought out. leg Is proportional to the number of drivers: 
on. The values given are for all 35 drivers on. Divide Igg shown by 35 to determine Igg for one driver. 

2. The 10939 will never have more than two drivers on at any one time; one. grid driver and the cursor. The values shown are for two 
drivers on with 100% duty cycle. =” i , , 

3. Iss = lop + lag +-lova (love = 35xlLoap) 
Example: For 10939.and 10943 (TA = ~40°C and Vpp = —22V): 

Isg = 4.5 + 11.2 + (35 x 2.0) = 85.7mA. 
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10939, 10942, & 10943 | Dot Matrix Display Controller 


A.C. Characteristics 
Parameter 


CLOCK Cycle Time Toye 
Commercial 
Industrial 
Display Outputs Tstott 
(STROO-STR19 and CURSOR) Tston 
Data Load (LD) 
On Time Tidon 
Off Time Tidott 
Commercial 
industrial 
Cycle Time Tiaeye 
Commercial 
Industrial 


SERIAL INTERFACE TIMING 
Serial Clock (D1) 
On Time 
Off Time 
Cycle Time 
Serial Data (DO) 
Set-up Time 
Hold Time 
Serial Clock to LD Time 
LD to Serial Clock 


PARALLEL INTERFACE TIMING 

Parallel Data (D0-D7) 
Set-up Time Tosetup 
Hold Time T pnotd 








*40 pf. maximum load capacitance. 


| SERIAL INTERFACE TIMING WAVEFORMS 


eee 


D1 
(SERIAL CLOCK) — 


be Teo = 
TormfeTisone fe Traott 


S_-}-—4—-- 


i 


. 
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10939, 10942, & 10943 





FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10939, 10942, and 10943 system generates all 
timing signals required to control the. display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing and 
control logic synchronize the digit output signals with the Serial 
Data and Load signals to the 10942/10943 to provide the proper 
timing for the multiplexing. operation. Two 92 x 23 bit PLA's, 
one in the 10942 and the other in the 10943, decode the full 96- 
character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should be 
tied down to Vpp externally. Raising. any one of these lines to 
the Vsgs level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The following 
paragraphs describe the format and. functions of these. control 
and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix word 


(0000 0001 or 01,6). Control words and their functions are 


defined in Table 1: 


Table 1. Control Word Assignments 









Hex Value Function 



























Not used 
Load 01 into Data Buffer 

Not used 

Not used 

Not used 

Load Digit Time to 16 cycles per grid 

Load Digit Time to 32 cycles per grid 

Load Digit Time to 64 cycles per grid 

Enable Normal Display Meee (MSB in data words is 
ignored) . 

Enable Blank Mode (data sistas with MSB = 1 will 
be blanked) 

Enable Inverse Mode (data words with MSB = 1 will 
be “inversed’’) 

Not used 

Not used 

Not used 

Start Display Refresh Cycle (use only once after 
reset) 

Not used 

Not used 

Load Duty Cycle Register 

Load Digit Counter (80=32, 81=1, 82=2, etc.) 

Not used 

Load Buffer Pointer Register with lower 5 bits 

Not used 
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Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data’ Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes" 
















Pointer Character 
Value Position 

00 0) 

1 

2 

“3 

4 

5 

6 

7 

8 

9 


Note: Do not use character positions 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character posi- 
tions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in con- 
junction with the. Load Duty Cycle control code to extend the 
range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
off, to adjust.display brightness, or to modify display timing. The 
time slot for each character is 16, 32, or 64 cycles as selected 
by the Load Diglt Time codes (see Table 1). The ségment and 
digit drivers for each character are on for a maximum of 13, 29, 
or 61 cycles with a 3.0 cycle inter-digit off-time. The lower 6 bits 
of the Load Duty Cycle code are loaded into the Duty Cycle 
Register. Resultant duty cycles are shown in Table 4. 


10939, 10942, & 10943 





Table 3. Load Digit Counter Codes 


Digit No. of Grids 
Counter Value Controlled 








Load Digit Time 


The Load Digit Time codes set the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown in Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications), it may be necessary to increase the refresh rate 
by selecting 16 or 32 cycles per grid with the appropriate control 
code. : 


Enable Display Mode 


Each ASCIl character is represented by the lower seven bits of 
the 8-bit value loaded into the 10939. The eighth (most signifi- 


cant) bit is used to turn the cursor on in Normal display mode, . 


if either Blank or Inverse mode is selected, however, a “O" in 
this bit setects Normal display mode, while a “1” selects either 
Blank or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable blank 
mode, enable inverse mode, or enable normal mode. ; 
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Table 4. Duty Cycle:Contro!l Codes 





In the Blank mode, any character with the MSB=“1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as “Inverse Video” format. These controls allow individual 
characters or groups of characters'to be blinked or blanked by 
simply changing the mode without changing the data in the Dis- 


' play Buffer. 


Start Refresh 


“At power on, the 10939 is held in an internal Halt mode. The 


normal display refresh sequence’ starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchro- 
nizing systems using more than one 10939. Only the Master 
10939 is a multi-chip system will recognize the Start Refresh 
code. The Master starts the Slave(s) at the appropriate time, 
using the SYNCO signal. 
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INPUT DISPLAY DATA WORDS — 


Display data words are loaded as 8-bit codes. The eighth (most 
significant) bit (bit 7) is a dual purpose bit. This bit specifies 
normal (0) or blank/inverse (1) display mode, depending on the 
blank/inverse mode selection (see control data words 09 and 
OA in Table 1). Bit 7 also controls the cursor output from the 
10939; on (1) or off (0). Note, however, that this bit always con- 
trols the cursor no matter what display mode is selected. 


Twenty. display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select the 
next character position to be loaded out’of sequence, use the 
Load Buffer Pointer command. The Buffer Pointer will auto- 
matically reset to character position 0 when its value is equal 
to the Digit Counter programmed value. 


DIGIT DRIVERS (STRO0-STA19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character posi- 
tions sequentially during a refresh scan. Display segments will 
be illuminated when both the Digit Drivers and Segment Drivers 
for a particular character are. energized simultaneously. The 


Cursor segment is generated by the 10939, but its timing char-' 


acteristics are identical to the 46 segment outputs generated by 
the 10942 and the 10943. 


SEGMENT DRIVERS (SG01-SG23) 


46 Segment Drivers are provided by the 10942 and the 10943. 
The output states for each ASCII character pattern are internally 
decoded from the 8-bit characters received from the 10939 by 
means of two 96 x 23-bit PLA’s, one in the 10942 and the other 
in the 10943, Data codes and the corresponding ASCII patterns 
are shown in Figure 1. 


SEGMENTS 
DRIVEN BY 
10942 


SEGMENTS 
DRIVEN BY 
10943 


é 


POWER-ON. RESET 


The Power-On Reset (POR) initializes the internal circuits of the 
10939. This: is normally accomplished when power (Vpp) is. 
applied. The following conditions are established by application: 
of POR: 
a. The Grid Drivers (STROO-STR19) on the 10939 are in the off 
State. 
b. The Anode Drivers, SG01-SG23 on the 10942 and SGO1- 
$G23 on the 10943, are in the off state. 
. The Duty Cycle is set to 0. 
. The Digit Counter is set to 32. 
. The Buffer Pointer is set to 0. 
The Digit time is set to 64. 
. The Normal display mode is set. 
. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to.Vo, to disable the segment drivers in the 
10942 and 10943. 
j. SOP is set to Vo, to disable the sync pulse. 
NOTES: 
1. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 
2. During the initial rise time of Vpp at power turn-on, the mag- 
nitude of Veg should not exceed the magnitude of Vop. 


~TrTao ~~ @o aoa 


TIE THESE FIVE TOGETHER") 


Note: 
1. DRIVEN BY CURSOR LINE OF 10939. 


Figure 2. 5 x 12 Dot Matrix Assignments 
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Figure 1. Dot Matrix Patterns 
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Ske 








Figure 1. Dot Matrix Patterns (Cont.) 
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TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10939, 10942, and a 10943 in a parallel inter- 
face with the host system driving a 20-character display. Figure 
4 shows a 10939, 10942, and a 10943 in a serial interface with 
the host system driving a 20-character display. Figure 5 shows 
two 10939's, a 10942, and a 10943 interfaced parallel with the 
host system driving a 40-character display. 


FILAMENT 1 
20-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 
FILAMENT 2 


$G01-SG23 


yoo Vop 


oo +— Vss 


Yo REE |__| Vg 


ed a Sa =I 








- —15V (Vp) 
CURSOR 
STROO-STR19 





Figure 3. Typical Disptay System with Parallel Interface to Host System 
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; FILAMENT 1 
20-CHARACTER 5 x 42 VACUUM FLUORESCENT DISPLAY ; 
FILAMENT 2 


‘/ $G01-SG23 
$G01-SG23 





=15V 


Vss 
Vos 


~15Y (Vop) MASTER |— ~-15V (Vpp) 


CLOCK -~ N.C. CURSOR 


/__STROO-STA19 








LATCH SERIAL DATA : 
CLOCK 


HOST SYSTEM 





Figure 4. Typical Display System with Serial Interface to Host System 
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40-CHARACTER § = 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 





Yop 
Vas, 
Vac 





‘ DATA-LOAD 


-15V Yop 
+5V Ves 
~45V Veo 


SCLK-DIS DATA-LOAD DATA-LOAO = SCLK-DIS 
SOP SIP 
SIP es SOP 


10939 (MASTER) 10999 (SLAVE) 


CUREGOR 


STAOO-STATS 
Lid 








HOST SYSTEM 


Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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10941 AND 10939 
ALPHANUMERIC AND BARGRAPH 





DESCRIPTION 


The Rockwell 10939 and 10941 Alphanumeric and Bargraph 
Display Controtler is a two-chip MOS/LSI general purpose dis- 
play controller system designed to interface with bargraph and 
segmented displays (gas discharge, vacuum-fluorescent or LED). 


The two-chip set will drive up to 20 segments and up to 20 grids 
(characters) plus a cursor. The chips can be cascaded to drive 
targer displays of 80 characters or more. Segment decoding for 
ASCIl characters or the bargraph patterns is accomplished 
through an internal PLA. 


ORDERING INFORMATION 


Part Package Temperature 
Number Type Range — 


10941P - Plastic 0°C to +70°C 
-40°C to +86°C 

0°C to: +70°C 
—40°C to +85°C 


10941PE Plastic 
10939P Plastic 
10939PE Plastic 








10941 





' SEGMENT DRIVERS AND LATCHES 


8-BIT SHIFT 
REGISTER 





20-CHARACTER 16-SEGMENT ALPHANUMERIC OR BARGRAPH DISPLAY 









CONTROL 
Locic 
SHIFT CLOCK 


DISPLAY CONTROLLER 


FEATURES 


e 20-character display driver cascadable to 80 or more 
characters 
e Direct drive capability for vacuum-fluorescent displays 


e 96 x 16 PLA provides segment decoding for ASCII charac- 
ters (all caps only) and bargraph patterns 


e Serial or parallel data input for 8-bit display and control 
characters 


Brightness, refresh rate, and display mode controls 
Separate cursor driver output 

10939 comes in 40-pin DIP 

10941 comes in 24-pin DIP 









ae aes 


10939 






Block Diagram of 10941 and 10939 


Document No. 29000D97 
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INTERFACE DESCRIPTION 


10941 Pin Functions 


Ves Power and signal ground 
$G01-SG16 , 17- Segment driver outputs 


SCLK-DIS Serial data shift 

DATA-LOAD Serial data output/latch control 
DC Power 
Pull down driver voltage 





















Voo DATA-LOAD 





Vss SCLK-DIS 
NOT USED S$GO01 
NOT USED SG02 
NOT USED $G03 
SG16 SG04 
$G15 $G05 
SG14 §G06 
SG13 Veo 
S8G12 $G07 
SG11 §$G08 
§G10 S$G09 


10941 Pin Configuration 


SPECIFICATIONS 


Maximum Ratings 


Operating Temperature 
Commercial 
Industrial 

_ Storage Temperature 


Operating Voltage io. cata R= Whee. ool 
Operating Display Voltage a oe ae ae 


Power Dissipation (total) 
Nicad = O MA per driver 
l\ioag = 2 MA per driver 


Power Dissipation 


NOTES: 1. Designates characteristics for both 10941 and ee 
2. Designates characteristics for 10941. 
3. Designates characteristics for 10939. 
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10939 Pin Functions 
Functlon 










Signal Name 


Ves 
Voo 
CLOCK 
CURSOR 
| MASTER 
SIP 

SOP 
DO-D7 

LD 

POR 
SCLK-DIS 


Power and signal ground 
DC Power 
Synchronization Clock 
Cursor drive output 
Master/Slave Mode control 
Syne Input 

Sync Output 

Serial or parallel data input 
Input data strobe 

Power-on reset. 

Serial data shift clock 















































‘DATA-LOAD Serial data output/latch control 
STROO-STR19 Anode Drive Outputs 
Veo Pull down driver voltage 





SCLK-DIS DATA-LOAD 
soP MASTER 
SIP CLOCK 

POR Vop 

LD Vss 

Do Vea 
D1 STROO 
D2 STRO1 
D3 STRO2 
D4 STRO3 
DS STRO4 
D6 STROS 
D7 STROG 
CURSOR STAO7 
STRI9 STROS 
STRI18 ] STROS 
STRI7 STR10 
STRI6 STRI1 
STR15 STA12 
STR14 STR13 














» 


10941 & 10939 © Alphanumeric and Bargraph Display Controller 








D.C. Characteristics 









Input DO-D7, LD, SIP 
Logic “1” 
Logie "0" 
Input POR 
Logic “1” 
Logie "0" 
Output SOP 
Logic oh is 
Logie "Or 
Output Digits, Cursor, and Segments 
Logic 1” (lag = 10 mA) 
Logic "0" (lisa = 0 mA)’ 
NOTES: 1. Designates characteristics for both 10941 and 10939. 
2. Designates characteristics for 10941. 
3. Designates characteristics for 10939, 


A.C. Characteristics | | | 
Parameter . Symbol Min Typ: Max Unit 
CLOCK Cycle Time 







Cormmercial 6.66 
Industrial — 5.88 
Display Outputs 






(STROO-STR19 and CURSOR) 
SERIAL INTERFACE TIMING 















Serial Clock (D1) 












On Time Fscon 
Off Time . Tscott 
Cycle Time Teceve 








Serial Data (DO) 
Set-up Time 
Hold Time 





Tssetue 
Tshoid 


Serial Clock to LD Time 






LD to Serial Clock 





PARALLEL INTERFACE TIMING 


Parallel Data (D0-D7) 


Set-up Time Togdtun 0 ns 
Hold Time Tohold 200 ns . 
Data Load (LD) 
On Time Tigon -250 ns 
Otf Time Thaote 
Commercial 40.0 BS 
industrial 44.5 “Ss 
Cycle Time | Tideve 
Commercial 60.0 “us 
Industrial 66.7 4s 





“40 pf. maximum load capacitance. 
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SERIAL INTERFACE TIMING WAVEFORMS 


sccys 
T scott 


‘epi CLOCK) ee eee 
; Le 11.-»| 
=T, ee Pe OS, ee 


Do 
(DATA) 


PARALLEL INTERFACE TIMING WAVEFORMS 


Sea pa 
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FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10941/10939 system generates all timing signals 
required to control. the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
‘and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10941 to provide the 
proper timing for the multiplexing operation. A 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCIl set. 


Input data.is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should 

be tied down to Vpp externally. Raising any one of these lines 
fo the Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The fol- 
iowing paragraphs describe the format and functions of these 
control and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
‘by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01,,). Control words and their functions 
are defined in Table 1. 


Table 1. 


Control Word Assignments. _ 






Hex Vajue Function 






























Not used 
Load 01 into Data Buffer 
Not used 

Not used 

Not used 

Set digit time to 16 cycles per grid 

Set digit time to 32 cycles per grid 

Set digit time to 64 cycles per grid 
‘Enable Normal Display Mode (MSB in data words 
is ignored) ; 

Enable Blank Mode (data words with MSB = 1 
will be blanked) 
Enable Inverse Mode (data words with MSB = 1 
will be “Inversed") 

Not used 

Not used 

Not used 

Start Display Refresh Cycle (use only once after 
reset) 
Not used 
Not used 
Load Duty Cycle Register with lower 6 bits (0-63) 
Load Digit Counter (80=32, 81=1, 82=2, etc.) - 
Not used 
Load Buffer.Pointer Register with lower 5 bits 
Not used 
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Load Buffer Pointer 


The Load Buffer Pointer code sets the ‘Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes 


Character 
Position 





NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in 
conjunction with the Load Duty Cycle control code to extend 
the range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
Off, to adjust display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 
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Table 3. Load Digit Counter Codes 


Digit No. of Grids 
Counter Value | 


Controlled 





Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character Is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, a “O” in this bit 
selects Normal display mode, while a1” selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control Codes 
Cade | Digit Time=16 Digit Time=32 Digit Time= 64 





40 — 16 — 32 — 64 
41 = 16 — 32 = 64 
42 — 16 — 32 — 64 
43 1 15 1 31 1 63 
44 2 14 2 30 2 62 
45 3 13 3 29 3 61 
46 4 12 4 28 4 60 
47 5 W 5 27 5 59 
48 6 10 6 26 6 58 
49 7 9 7 25 7 57 
4A 8 8 8 24 8 56 
4B 9 7 9 23 9 55 
4C 10 6 10 22 10 54 
4D 11 5 11 21 11 53 
4E 12 4 12 20 12 52 
4F 13 3 13 19. 13 51 
50 13 3 14 18 14 50 
51 13 3 1 15 17 15 49 
52 13 3 16 16 16 48 
" " 17 15 17 47 
5B " e 25 7 25 39 
5C . ig 26 6 26 38 
5D ” 7 27 5 27 37 
5E " i 28 4 28: 36 
5F - " 29 3 29 35 
60 4 ” 29 3 30 34 
“ " 29 3 31 33 
7 a " " 32 32 
7c me z i ” 58 6 
7D ‘ are |e 2 59 5 
7E ” a n ae 60 4 3 
7F 7 y " i 61 3 


In the Blank mode, any character with the MSB="1" will be 
blanked. In the Inverse made, it will be displayed with ail seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video” format. These controls allow individual 
characters or groups of characters to be blinked.or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 


Start Refresh. 


At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This is particularly useful for syn- 
chronizing systems Using more than one 10939. Only the 
Master 10939 in a multi-chip system. will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 
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INPUT DISPLAY DATA WORDS 


Display data words are. loaded .as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) or blank/inverse (1) 
display. mode, depending on the blank/inverse mode selec- 
tion (see Control data words 09 and OA in Table t). Figure. 
1 shows the ASCII codes for the segment patterns for a bar- 
‘graph display. 


Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 
To select the next character position to be loaded out of 
sequence; use the Load Buffer Pointer command. The Buffer 
Pointer. will automatically reset to character position 0 when 
its value is equal to the Digit Counter programmed value. 


POWER-ON RESET 


The Power-On Reset (POR) initializes the internal circuits of 

the 10939. This is normally accomplished when power (Vpp) 

is applied. The following conditions are established by appli- 

cation of POR: 

a. The Grid Drivers (STROO-STR19) on the 10939 are in the 
off state. - . 

b., The: Segment Drivers (SGO1-SG16) on the 10941 are in 
the off state. 


DECIMAL 
POINT 








~ 


Pi 6 43210/ABCOEFGHIJSK LMNOP 
. DATA-LOAD is set to high impedance state. 


SCLK-DIS is set to Vo, to disable the segment drivers in 
the 10941, 
j. SOP is set to Vo, to disable the sync pulse. 


NOTES: ; 

1. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 

2. During the initial rise time of Vop at power turn-on, the 
magnitude of V.g should not exceed the magnitude of 
Voo. 


DIGIT DRIVERS (STROO-STR19) PLUS. CURSOR 


The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The Cursor segment is generated by the 
10939, but its timing characteristics are identical to the 16 
segments generated by the 10941. 


Oo 
o 
Oo 
i=} 


c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. aes : 

e. The Buffer Pointer is set to 0. Figure 1. 10941 14-Segment Display Patterns. 
f. The Digit time is set to 64. Suna Ee Glol 

g. The Normal display mode is set. 

h 

i. 


=~aswaoeonuenwannwanuhtoodoaodcdcdno 


SEGMENT DRIVERS (SG01-SG16) 


Sixteen Segment Drivers are provided in the 10941. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCII patterns are 
shown in Figure 1. Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. Figure 2. 10941 Bargraph PLA Codes 


—awsunuowrwroononodgcexznauwwoanon eae ew Qoaceee sts =2000 
==s=oo--002 42 0042 4 GO]=saagostr tT ORs 0 0-2-4909 
~O- 02070-4620 20242 0]/4- 0404 0 2 G2 GHA Os 02 


1) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
e) 
0 
Q 
0 
0) 
0 
0 
0 
ce] 
ie) 
0 
0 
0 


~ee ere von ero ene oe ew et ew i 
en = 2 ee eo? 
re er ee re ee ce ee ae es ee ay 


re ae ae a ee 
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TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10941 and a 10939 in a parallel interface host system driving a 20 character display. Figure 5 shows 
with the host system driving a 20 character display. Figure _a 10941 and two 10939’s interfaced parallel with the host 
4 shows a 10941 and a 10939 in a serial interface with the system driving a 40 character display. 





FILAMENT 1 
20 CHARACTER VACUUM TUBE ; : 
FLUORESCENT DISPLAY ee FILAMENT 2 


STROO-STR19 


$G01-SG16 


-15V 
+6V 
-45V 
-1BV (Voo) 


DATA-LOAD . N.C. 


Figure 3. Typical Display System with Parallel Interface to Host System 


STROO-STA19 


-15V (oo) 
N.C. 


Lo -15V (Vp) 


DATA-LOAD 


LATCH SERIAL DATA 
cLock 


HOST SYSTEM 


Figure 4. Typical Display System with Serlal Interface to Host System 
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40 CHARACTER VACUUM TUBE Clea 


FLUORESCENT DISPLAY FILAMENT 2 


eer STROO-STAI9 STROO-STR19 


soP - SIP 
SIP |__| Sop 


10939 (MASTER) cLock CLocK 10939 (SLAVE) 


POR 





Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices. 
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gle 10951 
BARGRAPH & NUMERIC 


Rockwell DISPLAY CONTROLLER 





Preliminary 


DESCRIPTION FEATURES 


The Rockwell 10951 Bargraph & Numeric Display Controller 
(referred to as the 10951) is a LSI general purpose display con- 
troller designed to interface to segmented displays (gas dis- 
charge, vacuum fluorescent, or LED). 


16 segment drivers plus decimal point and comma tail drivers 
16 digit drivers 

Average data rate: 66 kHz 

Single character burst rate: 500 kHz 

TTL compatible 

Direct digit drive of 10 ma for 30, 35, and 40 volt displays 
Supports gas-discharge, vacuum fluorescent, or LED displays 
Serial data input for 8-bit display and control data words 

64 x 16-bit PLA provides data decoding driving 


The 10951 will drive 16-segment bargraph or seven-segment 
plus comma and decimal numeric displays with up to 16 display 
positions. The controller accepts command and data input words 
on a clocked serial input line. Commands conirol the on/off duty 
cycle, starting character position and number of characters to 
display. Encoded data words display bargraph position (single | 


segment or increasing bar length), numbers, comma, decimal —Any 1 of 16 bargraph segments 

and selected upper and tower case letters. No external drive —1 to 16 bargraph segments 

circuitry is required for displays that operate on 10 ma of drive —Ten seven-segment numeric characters (0-9) 
current up to 40 volts. A 64 x 16-bit segment decoder provides —Comma and decirnal 


internal ASCII character set decoding for the display. —Eight upper and lower case seven-segment characters 


Command functions 


Part Package Drive Temperature 
Number Type Voltage | Range 
10951P-50 Plastic .|  50V O°C to +70°C 
10951 PE-50 Plastic 50V —40°C to +85°C 


—Character position 
—Number of characters 
e 40-Pin DIP 





DISPLAY 
DATA 
BUFFER 
TIMING 
ANI 


iD 
CONTROL 


DECIMAL PT 
COMMA TAIL 


OIGIT DRIVERS 
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10951 Bargraph & Numeric Display Controller 
INTERFACE DESCRIPTION 


10951 Pin Functions 


PNT 
TAIL 
SGP . 
SGO 
‘SGN 
‘SGM 
SGL 
SGK 
SGJ 
SGI 
SGH 
SGG 
SGF 
SGE 
SGD 
sac 
SGB 
SGA 
-SCLK 
DATA 


Signal Name 


vss Power and signat ground 

AD16-AD1 Digits 16 through 1 driver outputs 
VDD DC power connection 

A A clock used only for device testing 
POR Power-on reset input 

DATA Serial data input 

SCLK Serial data clock input 

SGA-SGP . | Segments A through P driver outputs 
TAIL Comma tail driver output, 

PNT | Decimat point driver output 


SPECIFICATIONS 


Maximum Ratings 


oon onenaan == 


10 


—= ob 
N= 





ee oe 
Ou aw 


-_ = 
an 


Supply Voltage 

Power Dissipation 
Input Voltage : 
Output Voltage | 10951 Pin Configuration 


n= 
oOo © 





Operating Temperature 
_. Commercial 
Industrial 


This. device contains circuitry to protect. the inputs against 
damage due to high static voltages, however,.it is advised 
that normal precautions be taken to avoid application of any 


St e Temperat : : tecne WA 
pie Sle wilt voltage higher than maximum rated to this circuit. 


Input Capacitance 
Output Capacitance 


DC Characteristics 


Limits (Vg, = 0) Limits (Vgg = +5V) - 
Typ. Max. 





All voltages are specified relative to-Vgs. 


Parameter Conditions. 


Supply Voltage (Vpp) : : : : 
Input DATA, SCLK, 
Logic “1” ; : : 
Logic "0” ; 
Input POR 
Logic "1” : : : 
Logic “0” J : 
Output Digit and 
Segment Strobes 
Driver On 
Commercial } At 10mA 
Industrial ! ‘ 
Driver Off 10951-50 pamanion ie 
] external circuit 
Output Leakage i Per driver at 
Input Leakage driver off 


NOTES: All outputs require Pulldown Resistors. 
AC Characteristics 


Characteristic 


Internat Ciock (1 Bit Time) 
Commercial 
Industrial 


Segment or Digit Strobe Output 








SCLK Clock 
On Time 
Off Time 

Data Input Sample Time 
Before SCLK Clock Off 
After SCLK Clock Off 
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SCLK and Serial Data Timing 





SCLK 






SCLK and Serial Data (Control Word) Examples 











+svy MSB TIME ——_—___——»- LSB 


LOAD BUFFER POINTER = 11 





DATA 





LOAD DIGIT COUNTER = 15 









. NOTE: Crosshatch = don’t care 






Data Word LSB/MSB Timing 


NEXT 
DATA WORD 







END OF 
DATA WORD 





MIN 40 .SEC 








MIN 120 uSEC 







Power-On Reset Voltage Limits 







VOLTAGE 


—13.5V 








NOTE: Vs, referenced to 0V 
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FUNCTIONAL DESCRIPTION 
The: 10951 receives commands and data on a serial input 
line clocked externally by a separate clock input line. The 


controller decodes the commands from control. data words, 
decodes the data words in accordance with an internal 64 x 16- 


bit programmable logic array (PLA) and turns on and off seg-. 


ment and digit output drivers. The segment output patterns 


are controlled by the decoded data words while the digit. 


output and segment output timing are controlled by the 
decoded control words. All timing signals required to control 
the display are generated in the 10951 device wane any 
refresh input from the host processor. . , 


Input data is loaded into the Display Data Butfer via the: Serial 
Data Input (Data) channel. internal timing and contro! blocks 
synchronize the segment and digit output signals to provide 


the proper timing for the multiplexing operation. The 16x64, 


PLA decodes 8-bit data words to drive the. 16 segment, 
comma and decimal point drivers. The decoded data words. 
will drive 16 segments to display bargraph patterns (single. 
segment and multiple segment for increasing. length dis- 
plays)’ or .seven-segment patterns to. display numbers, 


selected upper and lower case letters, comma and decimal ° 


- point.” 


“Input data is loaded into the. 10951 as a series ‘of 8-bit words 


-with the. most significant bit (MSB), bit 7. If bit’ 7 of any word 


loaded is. a‘logical 1. (this‘bit is referred to as the control bit. 


C), the loaded word is a control data word. If the C bit of any 

word is a logical.0, the loaded word isa. display data word. 
The following paragraphs describe the format and fanenons 
of these control and. display data words. 


INPUT CONTROL DATA WORDS 


When the C-Bit (bit 7) of the 8-bit input word is a logical 1, 
bits 5 and 6 are decoded into.one of four control commands 
while data associated with the command are extracted from 
bits 0-4. There are three control codes which perform the 
following display functions: 


“e ‘Load the Display Data Buffer pointer, 
e Load the Digit Counter, 
e Load the Duty Cycle register. 


A fourth contro! code is defined but is not intended as a user 


function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 


Table 1. 







ONAN? 
1OONNNN'? 
11NNNNN?®) 


NOTE: 1, NNNN isa A-bit binary value representing the digit 
number to be loaded 
2, NNNNN is a 5-bit binary value representing the 
number of clock cycles each digit is on. 











8-Bit Control Word 
ca 


Bargraph & Numeric Display Controller 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is 
loaded with a decimal equivalent value 2 less than the desired 
value (i.e., to point to character 6 of the display, a value of 
4 is entered). 


Load Digit Counter 


The LOAD DIGIT COUNTER code is normally used only 
during initialization routines to define the number of character 
positions to be controlled. This code maximizes the duty 
cycle for. any display. If 16 characters are. to be controlled, 
enter a value of 0 (zero). Otherwise, enter the value desired. 


Load Duty Cycle 


The LOAD DUTY CYCLE code is used to turn the display on 
and off, to adjust display brightness, or to modify display 
timing for gas discharge displays. As shown in the block dia- 
gram, the time slot for each character is 32 clock cycles. The 
‘Segment and Digit Drivers for each character are on for a 
maximum of 31 cycles.with a 1 cycle inter-digit off-time. The 
LOAD DUTY CYCLE code contains a 5-bit numeric field 
which modifies the on-time for segment Driver Outputs from 
0 to 31 cycles. A duty cycle of 0 puts both the segment and 
digit drivers into the off State. Figure 1 shows the timing char- 
acteristics for the segment outputs. 


POWER-ON RESET (POR) 


The Power-On Reset (POR) initializes the internal circuits of 
the 10951 when power (Vpp) is applied. The following con- 
ditions are established after a Power-On Reset: 


a. The. Digit Drivers (AD1 -AD16) are in the off state 
(floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and TAIL. 

c. The cycle on-time for the LOAD DUTY CYCLE ‘is set 
to 0 cycles. 

d. The LOAD DIGIT COUNTER is set to 16 (a bit code 
value of Q): 

e. The LOAD BUFFER POINTER is set to 15 to allow the 
first character to be entered into position 1. 


Control Data Words 





Function 








LOAD BUFFER POINTER (Position of character ta be changed) 
LOAD DIGIT COUNTER (Number of characters to be output) 
LOAD DUTY CYCLE (On/off and brightness control) 

TEST MODE ONLY {Not a user function) 








3. This code is a device test function only. If exe-. 
cuted it will lock the device in the test mode which 
can be removed only by performing a power-on 
reset. 
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he —________ 1 DISPLAY CYCLE —— 
} 31 BIT TIMES 512 BIT TIMES 
GND 
a 
AD2 


| 
A03 | 
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NOTE: 
Timing shown Is for 16 charactere with a duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 
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INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit format codes. There 
are 64 codes available (with the C-bit set to 0 to indicate a 
display data word). 


Sixteen display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer is automat- 
ically incremented before each data word is stored in the 
Display Buffer except for decimal point and comma words. 
The decimal point and comma words do not cause the Buffer 
Pointer to increment and thus are always associated with the 
previous character entered. To select the next character 
position to be loaded out of the normal sequence, use the. 
LOAD BUFFER POINTER command before entering the dis- 
play data word. It is not necessary to use the LOAD BUFFER 
POINTER command to cycle back to position 1 when less 
than 16 character positions are being used (DIGIT COUNTER 
# 0). 


DIGIT DRIVERS (AD1-AD16) 


The sixteen Digit Drivers (AD1-AD16) are used to select 
each of the display digits sequentially during a refresh scan. 
Display segments will be illuminated when both the Digit 


SGP 
sco 
SGN 
SGM 
SGL 
SGK 
SGJ 
SGi 
SGH 
SGG 
SGF 
SGE —— 

sGcpD = 

sco =—-— 

sGB —— SGD 


SGA —— 


a 
—a 
—x 
—— 
—— 
— 
os 
—<— 
—— 
— 
— 


7-SEGMENT 
ALPHANUMERIC 


16-SEGMENT 
BARGRAPH 


Figure 2. Segment Allocation 
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Drivers and Segment Drivers for a particular character are 
energized simultaneously. The timing characteristics of both 
the digits and segments are shown In Figure 1. See POR for 
the Power-On Reset state of these drivers. 


SEGMENT DRIVERS (SGA-SGP) 


Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail (TAIL). The seg- 
ment, PNT and TAIL outputs are internally decoded from the 
8-bit characters in the Display Data Buffer by means of a 64 
x 16-bit PLA. The allocations for the 16-segment bargraph 
display and the seven-segment alphanumeric character plus. 
comma and decimal point are shown in Figure 2. The input 
codes associated with seven-segment alphanumeric, comma 
and decimal point display are shown in Figure 3: The com- 
plete set of 8-bit codes for the bargraph and alphanumeric 
display is shown in Table 2. Note that only segment drivers 
SGA-SGG are used to drive the seven-segment characters. 
Segment drivers SGH-SGP may be used for other purposes 
as decoded in accordance with Table 2. Timing character- 
istics for the segment outputs are shown in Figure 1: See 
POR for the Power-On Reset state of these drivers. 


INPUT 
CODE 


INPUT CODE (BITS 7-3) 





(BITS 2-0) 





Figure 3. 7-Segment Patterns 
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10951 


Table 2. 10951 Data Codes 


Segment Driver Output Patterns (1 = On) 


[pst cade | 
Saa]s00] sac [S60] ses 


765432140 


Bargraph 


Codes 








Alphanumeric 





and 


Special 


Codes 














Segment A On 




































































Segment B On 
0 | Segment C On. 














Segment D On’ 
Segment E On 
Segment F On 
Segment G On 
Segment H On 


rOoOror 
Ter Oooecte 
oorree 
eoo0000 
eon0ego00n0 
eo000c00 
x KK KK 
oa0000 


Segment J-On 
0 | Segment K On 
Segment L On 


1 


1 
t 


reer 


1:0 
10 


rer 


ooo 


0 
0 


= 
io) 
= 
© 
E 
is.) 
® 
oO 
° 
° 
° 
2 


° oo ooo 
x x KK KK KOK 
qgqo0ooocoo0 


Segments A&B On 


Segment A On 
0 | Segment A-C On 


19090 1 


0 


Segment A-D On 
Segment A-E On 
Segment A-F On 
1 0 | Segment A-G On 


1 


0 


0 0 O ] Segment A-i On 


1 


ox 01 


Q | Segment A-G On 


1 


1 


Segment A-P On 


0X 1:0 0 0 0 0} Number 0 


0ox100001 








1 0 | Number 6 


X100101 
x-1001 


0 
0 
0 
0 
0 


1 0 0 0 O|} Number 0 


ox 1 
0 XxX 1 


0001 


1 


0 0} Number 4 


x Ke KK KX 
oocoooooocso 


Number 7 


Q@ 0 O | Number & 


1 


~ 


0 1 O} LetterA 


1 


cr 


O 0 | Letter c 


rr 


1 0 | Letter E 





* Sets comma and decimal outputs for ‘last character entered. 


** Sets decimal output for last character entered. 


NOTES: 
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TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10951 driven by a Host System as it would current for zeners. Pull down resistors Ra and Re are deter- 
be connected to a V-F display. E, is determined by the V-F dis- mined by the interconnection capacitance between the 10951 
play specifications and Rg is selected to provide proper biasing and the display. 





HOST 
SYSTEM 


SGX RESET 


TYPICAL 
ANODE 


TYPICAL (SEGMENT) 
GRID 


(DIGIT) 


--—~~-V-F DISPLAY 


Figure 4. Typical System Schematic 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 
Low Cost, Flexible Systems Work With Multiple .Cs ! 


To support product development, Rockwell offers a range 
of microcomputer development systems, each extremely 
economical when compared on a cost/performance basis 
with competitive development systems. 

The Rockwell AIM 65 microcomputer déscribed: ‘in 
Section 7 functions as an extremely low cost, expandable, 
development system when used with the Rockwell Software 
Preparation System kit. The Rockwell Design Center (RDC) 
is an excellent, low cost, disk based development system, 
allowing concurrent development of up to four target RG500 
and R6500/* systems. 

The RDC is an easy to use, powerful development system 
for multi-chip and one-chip R6500 systems. A full line of 
support modules, macro assembler, link editor and high 
level PL/65 language are also available. R6500/* personality 
modules, additional RAM and a PROM programmer help 
add versatility. 


GR hoskwelt 


a ts Kwoll 


6500/% 


RITY SEY 


The RDC supports the growing trend to using single-chip 
microcomputers as slaves with multi- or single-chip 
microprocessor systems. The advantages of slaves include 
both cost and technical savings, such as eliminating some 


“complex timing relationships. With the RDC, up to four 


different microprocessor personality modules can be 
performing in-circuit-emulation under control of the system. 
The RDC mainframe is constructed modularly, using the 
proven RM Eurocard design, so it can be expanded readily, 
as needed. The terminal unit Includes CAT, disk drives, and 
keyboard. Up to 1.28 Mbytes can be addressed on the two’ 
96 TPI, double sided, double density, 5 %-inch disk drives. 

The RDC allows designers to economically and efficiently 
develop multiple microcomputer systems, regardless of the 
microcomputer device involved. Personality sets and target 
RAM modules are available for all R6500 and R6500/* 
configurations. 
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INTRODUCTION 


The Reckwell Design Center (RDC) is a development system 
vertically integrated to support the entire R6500 family of micro- 
processors and microcomputers. The RDC allows emulation, 
development, and software debugging of ‘up to four separate 
microprocessors and microcomputers concurrently, even if the 
four devices are different members of the R6500 family. The 
RDC is a disk-based system with two 96 TPI, double-sided, 
double-density 51%-inch floppy disk drives that provide a storage 
capacity of up to 1.3M bytes of data (formatted). 


A unique bus structure provides a separate system bus and four 
target busses which can operate at different speeds (up to 4 
MHz). Construction of the RDC is modular based on the proven 
RAM 65 design using both single- and double-sized Eurocards 
and highly reliable DIN 41612 pin and socket connectors. The 
double Eurocards allow use of both the system bus and a target 
bus which can operate at different speeds. 


Featuring Softkey function keys, the RDC eliminates the need 
for an operator to learn extra key strokes and command struc- 
tures. A command line of operating modes is displayed across 
the bottom of the CRT screen so that the user need only push 
the corresponding function key to command the RDC to enter 
the mode of operation desired. 


FEATURES . 
Hardware 


Modular construction based on proven AM 65 architecture 
Highly reliable, standard DIN 41612 pin and socket connectors 
Non-glare 12-inch CRT, green phosphor 

Detachable fuli ASCil intelligent keyboard 

Dual 96 TPI, double-sided, double-density 5¥%-inch floppy 
disk drives p 

Separate ‘system bus and: four independent target busses 


e Two sérial ports—one for RDC terminal interface—one for 
host system download 


Two parallel. ports—one for RDC terminal interlace—one for 
external printer, 


64K byte RAM system memory 

Internal self-test panel for system troubleshooting 

Three separate CPUs for keyboard, CRT, and system control 
Designed for built-in PROM programmer option 


For users who already have an Intel ISIS II with mass storage 
program management, an R6500 cross-assembler is available. 
This. allows the RDC to function as a satellite, providing a power- 
ful dsbug system. The RDC is also capable of receiving files 
from the Rockwell SYSTEM 65 Microcomputer. 


When used with the R6500/* Microcomputer or R6502-R65C02 
Microprocessor Personality Sets, the RDC is a powerful emula- 
tion system for the complete family of Rockwell R6500/* one- 
chip microcomputers or NMOS R6502 and CMOS R65C02 
families of microprocessors. The multiple target bus structure 
of the RDC allows the user to emulate four devices concurrently, 
and at different speeds. 








Rockwell Design Center System 
Functional 
¢ Self-contained, disk-based operating system 
* Softkey function access to menu-driven operational modes 
° Text Editor 
e 6500 Macro Assembler/Linking Leader 
® SYSGEN configurable to user environment 
° Automatic power-up initialization of system and configurations. 
e Separate system and target memory map 
° 4 target simultaneous emulation 
e Realtime in-circuit emulation, up to 4: MHz 


e Five hardware breakpoints per target, 32-bits wide with ‘‘don’t 
care”’ bits 


e ‘Inside or outside window breakpoint with 1 byte resolution 


e Configurable as a satellite for an Intel ISIS Il host system 
or Rockwell SYSTEM 65 


° Self-test software 
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PRODUCT OVERVIEW 


The RDC consists of three assemblies; the mainframe, a CRT 
terminal with flappy disk drives and a full ASCII keyboard. The 
mainframe contains the following components: 


The system bus and target/user busses 

Power supply and system cooling fans 

Two 32K Dynamic RAM modules for system memory 

Single Board Computer (SBC) module 

Floppy Disk Controller (FDC) module 

Asynchronous Communications Interface Adapter (ACIA) 
module with 2 channels for keyboard interface and user 
RS-232C 

Multi-function Peripheral Interface (MPI) module with two 
ports for interface to the CRT terminal and to a printer 
24-pin and 28-pin PROM sockets for optional PROM Pro- 
grammer module 


The terminal assembly consists of a non-glare 12-inch, green 
phosphor CRT, a video display controller module, and two 5¥- 
inch floppy disk drives. The keyboard is intelligent for full ASCII 
operation. 


OPTIONAL A6500/* or R6502-R65C02 
PERSONALITY SET : 


PERSONALITY 
Poo 


FUTURE 
OPTIONAL beta TARGET 
| ANALYZER aca. | | intenrace 
| MODULE MODULE 


| OPTIONAL 32K 32K 
} PROM RAM RAM 

PROGRAMMER moouLe || MODULE 
i aMooUee 


SELF-TEST 
PANEL 
RDC MAINFRAME 
PROM 


SOCKETS (2) 





FUNCTIONAL DESCRIPTION 


Major Components and Interfaces 


The block diagram shows the architecture of the RDC system 
and identifies the relationship between the system bus and the 
target busses. Although the block diagram shows only one 
Target Interface, It represents the architecture of each of the 
four target busses. The terrninal keyboard interfaces with the 
RDC system through one of the RS-232C ports (J3 connected 
to the ACIA module). The CRT interfaces with the RDC system 
through a parallel port (J3 connected to the MPI module). The 
disk drives interface to the RDC system through a separate port 
(J2 connected to the FDC module). Ali other control functions 
of the RDC system interface directly through the RDC system 
bus. Note that the Personality Set PMC module interfaces the 
RDC system bus to the target bus. 


Bus Structure 


The RDC system operates through a multiple bus structure—a 
system bus and four target busses. The system bus contains 
21 card slots to accommodate single Eurocard modules or 


Be all 


EXTERNAL 


PRINTER | 


L_—+—- 


t ae 5s ak On ES © © 
PARALLEL ; 
| PRINTER EE PES eae 

PORT Sa os 


J4 
KEYBOARD 


VIDEO 
DISPLAY 
CONTROLLER 
MODULE — 


Two 
BM. 
FLOPPY 
DISK 
DRIVES 


RDC TERMINAL 


RDC System Block Diagram 
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double Eurocard modules. Double Eurocard modules plugged 
into the system bus are common to the system bus and the 
target bus. Double Eurocard modules (such as the R6500/* 
Personality Set PMC module) are used’ for microcomputer 
emulation support. Single Eurocard module connectors on the 
system bus are used to interface with RDC microcomputer 
system modules such as the 32K RAM(2), SBC, FDC, ACIA, 
and MPI. 


- 


The four target busses are segmented so that four separate 


emulations can be controlled by the system concurrently. Three 
of. the target busses have four card slots each. Three of these 
slots will accept double Eurocard modules, and the fourth will 
accept a single Eurocard module. The double card slots are 
intended for a Personality Module Controller (PMC) module and 
future growth up to two Analyzer modules. The single card slot is 








CARD CAGE 





ADC MAINFRAME: FRONT VIEW 





TARGET BUSSES 


SYSTEM BUS 





. PROM PROGRAMMER VIDEO-KEYBOARD 
SOCKETS 


POWER SWITCH 





RED YELLOW 
TARGET TARGET TARGET 
BUS 1 BUS 2 BUS3 


ADC CHASSIS CARD CAGE 


RDC Internal Layout and Card Cage Bus Structure 


intended for plugging in a target (emulation) RAM module. (8K 
x 8 or 64K x 8 depending upon the microcomputer to be 
emulated). These three target busses are color coded (blue,. 
red, and yellow) on the RDC card cage. for. easy identification 
of the division of the target bus segments. The fourth target bus 
consists of nine Euroconnectors,. four of which will accept double 
Eurocard modules and five of which will accept.single Eurocard 
modules. 


A typical single target emulation configuration will consist of an 
R6500/* or R6502-R65C02 Personality Set (comprising a PMC 
module, Personality . Pod, and Emulator Interface) and a target 
RAM module, as a minimum. Since up to four fully configured 
emulation systems can be supported concurrently, the RDC 
could be configured with any combination of four R6500/" or 
R6502-R65C02 Personality Sets, and four target RAM modules 
in addition to the RDC system control modules. 


POWER SUPPLY 
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Operating Modes 


The RDC bootstrap ROM is initiated whenever the system is 
powered- up. The’ bootstrap program then loads the SYSGEN 
data'and system program from the system disk drive. When the 
bootstrap i is completed the CRT displays a Softkey menu for the 
function keys:on the keyboard. It i is this menu that prompts the 
user to select the mode of operation required. The Softkey 
prompts displayed at this time are: 





“SATELLITE LOCAL “SYSGEN HELP 


These Softkey prompts represent the primary modes of oper- 


ation for the RDC system. When the function key corresponding 


to the CRT prompt location ‘is pressed, one of the following 
modes is selected: 


SATELLITE—This mode provides the menus available for inter- 


facing the RDC as a satellite to the host system 
(Intel ISIS “Ily 


LOCAL —This mode provides. the menus available to the 
user from within the ROC without requiring host 
_fesources. 


SYSGEN —This mode allows the usér to modify the diskette- 
7 » stored system parameters on either a permanent 
(until another power-up condition) or atemporary 

basis. 


HELP —This mode displays * information which briefly 
: describes the operational | mode options available 
“in SATELLITE, LOCAL and SYSGEN modes. All 
Softkey menus include a HELP which is always 
located-on:the CRT screen directly over the far 

right hand function key on the keyboard. 


Rockwell Design Center 


Each Softkey prompt, when selected by the function key, invokes 
a new set of Softkey prompts which further define the tasks to 
be performed by the mode. As an example, ifthe LOCAL prompt 
is selected, a new Softkey prompt menu displays: 


UTILITY, DEBUG HELP 

If UTILITY is selected from this prompt, a new menu displays: 
‘DISK FILE EXEC HELP 
Selecting DISK invokes a new menu which asks: 

COPY BACKUP FORMAT DIR _ INIT HELP 
This hierarchy continues until all parameters of the tasks of the 
mode selected have been established. At any time during the 
mode selection process the user has the option of calling back 
the previous set of Softkey menu prompts by simply pushing the 


— (minus) key. 


The illustration. shows the depth to which the command line 
prompts guide the user through selecting the desired mode of 
operation. : 


Command Line Prompts 





SATELLITE —-» DOWNLOAD (ISIS Il or SYSTEM 65 PROTOCOL) ¢ HELP 


| LOCAL ———* UTILITY « eee ¢ HELP 





|__ MEMORY * REGISTER « BREARPCINT ° al . i ee * PROVE DIRECTORY ¢ HELP 


L_» PROTECT ¢ UNPROTECT » CLEAR.ALL * HELP 
pees * STEP ¢ DEBUGGER « HELP 
— ¢ STEP ¢ HELP 


SPH © BP#2°e BP#3 ¢ BP#4 ¢ BP#5 ¢ CLEAR.ALL « HELP 


—» DISPLAY. © CHANGE * LOAD * SAVE ® HELP. . 
DUMP * MODIFY * TEXT « DISASN e SAVE ¢ VERIFY * LOAD » HELP 


i e { e ai (alee ee ° HELP 


Le tex EDITOR » MACRO ASSEMBLER » PROM PROGRAMMER » USER FILES 
eee * DELETE * RECOVER ¢ RENAME ¢ DIRECTORY. « HELP 
= ° BACKUP © FORMAT « DIRECTORY © INIT ¢ HELP 


SYSGEN KEEP ¢ HOST ¢ PRINTER e TARGETS «  BEEPER ¢ DISPLAY © HELP 
CURRENT » TARGET 0 « TARGET 1 » TARGET 2 ¢ TARGET 3 ¢ HELP 
PARITY « Hi BAUD * LOW BAUD * WOAD LEN « STOP BITS ® HELP 


SAVE SYSGEN ON OISKETTE 


MODE COMMANe LIST EXPLANATIONS 








‘Command Line Hierarchy (Typical) 








RDC-1001/2 - _ Rockwell Design Center 
INTERFACE | | 


Interface between the RDC system control modules and the port these cables are routed in the system. The Self-Test Panel 
connectors on the back panel are made through ribbon cables. interface ribbon cable is attached to the test panel and has a 
The ribbon cables are permanently attached to the port con- connector on the other end that mates to the SBC module /O 
nectors. The terminal interfaces to the RDC system through two connector. The optional PROM programmer module connects 
cables with mating connectors on each end that are keyed for to the two PROM sockets through a single ribbon cable. 


proper installation. The RDC Cable Interface figure shows how 


ROC 
TERMINAL 


as 
3 J3 - J2 
_ SERIAL PARALLEL 
TERMINAL a TEAMINAL 




























PROM 
PROGRAMMER 
MODULE 


sec 
MOOULE 





ROC MAINFRAME 


NOTE: qd) Ribbon cables are physically attached to RDC Mainframe 
connectors J1 through J4 and have connectors on the 
other end that mate to the modules. 


ROC Mainframe Internal/External Ribbon Cable Connections 


SPECIFICATIONS 

















RDC Terminal 
Parameter RDC Malnframe CAT/FDD 
Dimensions 
Height 11 in. (27.94 cm) 14 in. (35.56 cm) 3in. (7.62.cm) 
Width 20 in. (50.80 cm) 20 in. (50.80 cm) 20 in. (50.80 cm) 


Depth 18 in. (45.72 cm) 16 in. (40.64 cm) 8 in. (20.32 cm) 


40 Ibs. (18 Kg) 42 Ibs. (19 Kg) . 6 Ibs. (2.7 Kg) 


105 to 125 (RDC-1001) 
210 to 250 (RDC-1002) 
47 to 63 Hz 

3 A slo-blo (RDC-1001) 
1.5 A slo-blo (RDC-1002) 


















Electrical 
AC Input Voltage 








108 to 125 (ADC-1001) 
210 to 280 (RDC-1002) 
47 to 63 Hz 

3 A slo-blo (ADC-1001) 
1.5 A slo-blo (RDC-1002) 







AC Frequency 
Fuse Requirement 













Environmental 
Temperature 
With/Disk Media 


59°F to 104°F (15°C to 40°C) operating 
—4°F to 140°F (-— 20°C to 60°C) shipping 
- 4°F to 122°F (- 20°C to 50°C) storage 
20% to 80% non-condensing operating” 
1% to 95% non-condensing shipping 

1% to 95% non-condensing storage 


NOTE: *Disk media maximum wet bulb temperature 84.9°F (29.4°C) 


Humidity 




















RDC-1001/2 


_Rockwell Design Center 





ORDERING INFORMATION 





Part Number Description 

RDC-1001 RDC System (100 Vac)() 

RDC-1002 “ADG System (220 Vac)t1) 

RDC-1010 32K System. RAM Module 

RDC-1011 8K Target RAM Module 

RDC-1012 64K Target RAM Module 

RDC-1030 PROM Programmer Module 

RDC-2000 R6500 Cross Assembler for Intel ISIS I! 
Order Number(?) Document Title 


RDC Ré500/* Personality Set Data Sheet 
RDC R6502-R65C02 Personality Set 
Data Sheet 

ROC PROM Programmer Data Sheet 
ACIA Module Data Sheet 

SBC Module Data Sheet 

FDC Module Data Sheet 

MPI Module Data Sheet 

32K Dynamic RAM Module Data Sheet 





Notes: 
(1) Both system configurations are shipped with the following 
components: 
® RDC Mainframe 
* RDC Terminal with 12” CAT and Dual 5% ” Floppy Disk 
Drives and detached Keyboard. . 
¢ Six System Control modules—ACIA, FDC, SBC, MPI, 
and two 32K DRAM. | 
* All Required Interface Cables 
* Software Package (Utilities, Text Editor, Macro 
Assembler) 
* Documentation Package 
(2) Documents provide further information about the RDC system. 
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PERSONALITY SETS 


Personality. Sets are available for the ADC that allow emula- 
tion, development, and software debugging of the complete 
family of R6500/* Microcomputers and: R6502-R65C02° 
Microprocessors. The microcomputers and microprocessors 
supported by these Personality Sets are: 


‘¢ R6500/11P = R6S00/13P © R6S500/42P © R6511Q 
e R6500/12P »* R6500/41P * R6500/43P + R6S5C02 


e R65410 ‘© R6501Q * R6502 © R6503 
e R65C102 * R65C112 © R6506 e R6507 
* R6504 | * R6505 e R6514 * R6515 
¢ R6512 « R6513 ° A6500/1P 


For complete information on ordering any particular 
Personality Set or groups of Personality Sets, refer to the 
RDC R6500/* Personality Set Data Sheet, Order Number 
RDCO6, or RDC A6502-R65C02 Personality Set Data Sheet, 
Order Number RDC11. 


RDC-1XX e RDC-3XX 


Microcomputer Development Systems 


RDC-1XX AND RDC-3XX 


ROCKWELL DESIGN CENTER 
Rockwell R6500/* PERSONALITY SET 





INTRODUCTION 


The RDC R6500/* Personality Set is a Rockwell Design Center 
(RDC) option that allows the RDC user to develop, debug and 
verify programs intended for use by any R6500 one-chip micro- 
computer system. The R6500/* offers the user a high perfor- 
mance development system specifically designed for emulation 
of a microcomputer system. This RDC option supports in-circuit 
emulation for the entire R6500 family of one-chip microcomputers. 


The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. 


The R6500/* Personality Set provides the RDC with a dual CPU 
capability. This added feature permits the RDC CPU to maintain 
control, even while the R6500/* is executing a program, thus 
providing the user with complete control over the development 
process. 


The R6500/* Personality Set can be expanded to include four 


separate emulation systems which can be run concurrently on 
the RDC. 





FEATURES 


Disk based macro assembler and debug monitor 
Provides 8K RAM in system (optional) 

Supports 65K address range in target environment 
Five hardware breakpoints with SYNC outputs 
User defined external break signal 

Single step through interrupts 

Supports four simultaneous target developments 
No zero page address conflicts 

Power down capability 

RAM write protection 

User or system supplied power and clock 
Real-time in-circuit emulation 

Menu-driven Softkey command selection 





ay 


RDC R6500/* Personality Set 





“Document No. 29655N06 


Data Sheet Order No. RDCO6 
December 1982 





RDC-1XX e RDC-3XX RDC R6500/* Personality Set 


ove USED FOR TRACE ; 
LONG 6OPIN. — — a a MEDIUM LENGTH 
RIBBON CABLE / 60:PIN RIBBON 
CABLE - 


—WEDIUM 


EMULATION POD LENGTH 


LONG 50 PIN 


RIBBON CABLE BOARD 1 34/50 PIN 
RIBBON, . 


ADAPTER 
— 


™ 6 WIRE 
PMC BOARO lth ff POWER 
i CABLE 


PMC MODULE CONNECTS. EMULATION POD - OPTIONAL 
TO RDC SYSTEM BUS BOARD 2. : CONNECTOR FOR 


AND A TARGET BUS ; E, F ANDG 
Sat a . PORTS 


RDC MAINFRAME USED FOR TRACE 





System Interconnection 


RUN MODE/CONTROLLED EXECUTION CONTROLLED EXECUTION MODE COMMANDS 
COMMAND SUMMARY The Controlted Execution Mode commands are divided into five 
The R6500/* Personality Set is designed to allow the.R6500/* .. - groups, as follows: 


to. execute independent of the RDC. Thus, while the. Resor/*"* ; 
is executing code, the RDC CPU is stit! in operation, This allows . : 
certain functions to be performed by the RDC CPU without dis-’.. .- De ag, Description 


luring: the-execution ofthe Hes 00" “COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected memory locations 


RUN MODE COM MANDS Display or alter. next sixteen memory locations 


, - ae pie mae oe Display or alter previous sixteen memory locations 
The R6500/* debug monitor allows, certain commands to be Exainiine/modify RAM and VO one byte at a time 


performed while the R6S00/* is in the: Run mode. “The Run “Dump memory in Hex and ASCII format 
Mode commands are highlighted as follows: . Q Invoke disassembler 
: 4 eG of Display or alter register contents 
~ COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 


Enable or disable single step mode 
Set or modify. hardware breakpoint 


Description 


RUN MODE COMMANDS 
‘Issue Reset | 2. 
Examine or Modify Hardware Breakpoint 





Exit Run Mode 

Return to RDC Operating System 
Select a New PMC Module 
Enable/Disable the System Pointer 
Hait/Resume Run 
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C-1XX e RDC-3XX. 


Description 


COMMANDS TO TRACE PROGRAM FLOW. 


Toggle instruction trace on.or off 
Toggle register printout on or off 
Show register form for printout 


Show last nine instruction addresses 


DISK FUNCTIONS 
Special disk functions 
Display disk directory 
Delete file 


MISCELLANEOUS COMMANDS 
Write protect memory blocks 
Load object code 
Start execution of user’s program 
Dump memory 
Issue RESET 


Verify object code against memory 
Retum control to RDC Operating System 


Initialize the current board 
Enable/disable -printer 








~ RDC R6500/* Personality Set 


CONFIGURATIONS 


The::RDC Personality Sets for the A6500/* Microcomputers, 
shown in the chart below, include one Personality Module.Con- 
troller (PMC), two Personality Emulator Pod Modules, a Device 
Adapter, an In-Circuit Emulation Probe assembly, an. intercon- 
nect cable set, and the required software and support docu- 
mentation. The RDC Personality Sets are available either bundled 
with an 8K Target RAM (the 100 series part numbers in the table 
below) or unbundled without the 8K Target RAM (the 300 series 
part numbers below)... 


Allow single step through’ interrupts 


R6500/* Personality. Sets 


[Fat nomier | 


RDC-101 or -301 
RDOC-102 or -302 


RADC-111 or -311 
RDC-112 or -312 
ADC-121 or -321 
RDC-122 or -322 


RDC-131 or -331 


ADC-132 or -332_ 


RDC-141 or -341 
RDC-142 or -342 
RDC-151 or -351 
RDC-152 or -352 
RDC-161 or -361 
RDC-162 or -362 


a oO Description — 


R6500/11P Personality Set, 1 MHz 
R6500/11AP Personality Set, 2 MHz 
R6500/12G Personality Set, 1 MHz 
R6500/12AQ Personality Set, 2 MHz 
R6500/13Q Personality Set, 1 MHz 
R6500/13AQ Personality Set, 2 MHz 
R6500/41P Personality Set, 1 MHz 


_ R6500/41AP Personality Set, 2 MHz 


R6500/42Q Personality Set, 1 MHz 
R6500/42AQ Personality Set, 2 MHz 
FA6500/43Q Personality Set, 1 MHz 
R6500/43AQ Personality Set, 2 MHz 
A6500/1P Personality Set, 1 MHz | 
R6500/1AP Personality Set, 2 MHz 











RDC-1XX e RDC-3XX 


RDC R6500/* Personality Set 





DEVICE ADAPTERS 


The Adapter/Emulator Devices are used to reconfigure RDC- 
1XX Personality Sets for use with other R6500/* Microcompu- 
ters. They replace the Adapter/Emulator Devices in the Person- 
ality Emulator Pod Module and contain the desired emulator 
device. 


RDC-211_ Adapter/Emulator Device 
(R651 1Q) for R6500/1 1/12/13, 1 MHz 


..Adapter/Emulator Device 
(A651 1AQ) for R6500/11/12/13, 2 MHz 
Adapter/Emulator Device 


‘ADC-212 


RDC-221 


(R6541AQ) for R6500/41/42/43, 1 MHz 
Adapter/Emulator Device 

(R6541AQ) for R6500/41/42/43, 2 MHz 
Adapter/Emulator Device . 
(R6500/1 EC) for R6SO0/1, 1 MHz 
Adapter/Emulator Device 
(R6500/1EAC) for RE500/1, 2 MHz 


RADC-222 


ADC-231 


RDC-232 
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IN-CIRCUIT EMULATION PROBES 


The In-Circuit Emulation Probe assemblies used to reconfigure 
the RDC-1XX Personality Sets for use with other R6500/* 
Microcomputers are shown in the chart below. 


RDC-200 40-Pin Probe and cable for R6500/11P. 
Prerequisite, RDC-211 or -212 

64-Pin Probe and cables for R6500/120. 
Prerequisite, ADC-211 or -212 

64-Pin Probe and cables for R6500/130. 
Prerequisite, RDC-211 or -212 

40-Pin Probe and cable for R6500/41P. 
Prerequisite, ROC-221 or -222 

64-Pin Probe and cables for R6500/42Q. 
Prerequisite, RDC-221 or -222 

64-Pin Probe and cables for R6500/430. 
Prerequisite, ROC-221 or -222 

40-Pin Probe and cable for A6500/1P. 
Prerequisite, RDC-231 or -232 





















RDC-201 






ADC-202 






RDC-203 





RDC-204 






RADC-205 






ADC-206 






o% 


Rockwell 


INTRODUCTION 


The RDC R6502-R65C02 Personality Set is a Rockwell Design 
Center (RDC) option that allows the RDC user to develop, debug 
and verify programs intended for use by any R6500 one-chip 
microprocessor system. The R6502-R65C02 offers the user a 
-high performance development system specifically designed for 
emulation of a microprocessor system. This RDC option supports 
in-circuit emulation for the entire R6500 and R65CO0 family of 
one-chip microprocessors. 


The basic R6502-R65C02 Personality Set includes a Personality 
Module Controller (PMC), two Personality Emulator Pod Modules, 
five emulator devices (R6502, R6512, R65C02, R65C 102, and 
R65C 112), two prototype-to-pod interface cables, an RDC inter- 
connect cable set, and the required software and support 
documentation. 


The R6502-R65C02 Personality Set provides the RDC with a dual 
‘CPU capability. This added feature permits the RDC CPU to 
‘maintain control, even while the microprocessor is executing a 
_program, thus providing the user with complete control over the 
development process. 


_The R6502-R65C02 Personality Set can be expanded to include 
four separate emulation systems which can be run concurrently 
on the RDC. 


RDC-50X 


Microcomputer Development Systems 


RDC-502 AND RDC-504 
ROCKWELL DESIGN CENTER 
R6502-R65C02 PERSONALITY SET 


FEATURES 


* Disk based macro assembler and debug monitor 
* Provides 8K or 64K RAM in system (optional) 

e Supports 65K address range in target environment 
e Five hardware breakpoints with SYNC outputs 

° User defined external break signal 

* Single step through interrupts 

© Supports four simultaneous target developments 
° No zero page address conflicts 

¢ Power down capability 

® RAM write protection 

¢ User or system supplied power and clock 

* Real-time in-circuit emulation 


-@ Menu-driven Softkey command selection 





RDC A6502-R65C02 Personality Set 


Document No. 29655N11 
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Data Sheet Order No. RDC11 
December 1983 








RDC R6502-R65C02 Personality Set 





RDC-50X 


LONG 60 PIN 
RIBBON CABLE 


LONG 50 PIN 


PMC BOARD 


PMC MODULE CONNECTS 
TO RDC SYSTEM BUS 
AND:A TARGET BUS 


RDC MAINFRAME 


40 PIN RIBBON 
CABLE .... 





CONNECT 
TO 40 PIN 
DEVICE’ 
CONNECTOR 


ON 
PROTOTYPE 


OR 


CONNECT 

TO 26 PIN 

DEVICE 
CONNECTOR 
ON 


<1 PROTOTYPE 


CABLE 


EMULATION POD 
BOARD 2 





System Interconnection 


RUN MODE/CONTROLLED EXECUTION 
COMMAND SUMMARY 


The R6502-R65C0? Personality Set is designed to allow R650X, 
R651X or R65XXX devices to execute independent of the RDC. 
Thus, while the emulator is executing code, the RDC CPU is 
still in operation. This allows certain functions to be performed 
by the RDC CPU without disturbing the execution of the emulator 
device. 


RUN MODE COMMANDS 


The R6502-R65C02 debug monitor allows certain commands 
to be performed while the emulator is in the Run mode. The Run 
Mode commands are highlighted .as follows: 


wv. 


RUN MODE COMMANDS 

Issue Reset 

Examine or Modify Hardware Breakpoint 

Exit Run Mode 

Return to RDC Operating System 

Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/Aesume Run 











6-14 


CONTROLLED EXECUTION MODE COMMANDS 


The Controlled Execution Mode commands are divided into five 
groups, as follows: , 


COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected memory locations 
Display or alter next sixteen memory locations 
Display or alter previous sixteen memory locations 
Examine/modify RAM and I/O one byte at a time 
Dump memory in Hex and ASCII format 
Invoke disassembler 
Display or alter register contents 











COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 

Set or modify hardware breakpoint 









RDC-50X 


RDC R6502-R65C02 Personality Set 





Description - 


COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 








CONFIGURATIONS 


The RDC Personality Sets for the R6502-R65C02 Micro- 
processors, shown in the chart below, includes one Personality 
Module Controller (PMC), two Personality Emulator Pod 
Modules, one Emulator Device set, an interconnect cable set, 
and the required software and support documentation. 









DISK FUNCTIONS 
Special disk functions 
Display disk directory 
Delete file 


R6502-R65C02 Personality Sets and Memory 









Part Number Description 








MISCELLANEOUS COMMANDS 
Write protect memory blocks 
Load object code 
Start execution of user’s program 
issue RESET 
Verify object code against memory 
Return control to ADC Operating System 
Initialize the current board 
Enable/disable printer 
Allow single step through interrupts 






R6502-A65C02 Personality Set, 1-2 MHz 
R6502-A65C02 Personality Set, 4 MHz 


RDC-502 
RDC-504 







“RDC-1011 
RDC-1012 


8K RAM Target Memory, 1-2 MHz only 
64K RAM Target Memory, 1-4 MHz 

















PMC TO EPM2 EPM1 TO EPM2 PMC TO EPM1 
INTERCONNECT 60-PIN INTERCONNECT 
CABLE INTERCONNECT CABLE 

CABLE (60 PIN) 









(50 PIN) 





EMULATOR 
DEVICE 












EMULATOR POD 
MODULE NO. 2 (EPM2) 


PERSONALITY MODULE 


CONTROLLER (PMC) EMULATOR POD 


MODULE NO. 1 (EPM1) 
PROTOTYPE-TO-POD 
INTERFACE CABLE — 





EMULATOR POD 
40-PIN MODULE HOUSING 
PROTOTYPE-TO-POD 
INTERFACE CABLE 


ONE INCLUDED. 
WITH EACH SET 


Typical R6502-R65C02 Personality Set Hardware Components 
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RDC-50X RDC R6502-R65C02 Personality Set 








R6502-R65C02 Personality Set Component List 


PMC Module 


Emulator Pod 
Module Assembly 






DESCRIPTION 






















Controller module that plugs into the RDC Mainframe. 


Pod that contains EPM-t and EPM-2, a short ribbon cable, a six-wire power cable, 
and the A6502 Emulator Device. , 


Package contains the R6512, R65CO2, R65C102 and R6SC112 Emulator devices 
and 5 jumper headers for the 28-pin processors. 







Emulator Package 









PMC to Pad 
Interface Ribbon Cables 
{Long Length) 


Prototype-to-Pod 
Interface Cables 
(Medium Length) 


One cable with 60-pin connector on each end with one cable with a 50-pin 
connector on each end. , 














One of two possible configurations: : 
a. One ribbon cable with 40-pin connectors on each end. Used for emulating the 
R6502, R6512, AGSCO2, R65C 102 or R6SC112. 


b. One cable with a 28-pin connector on each end. Used for emulating the R6503, 
R6504, R6505, R6506, RG507, R6513, AG514 or R6515. 
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OR 


Rockwell 





CROSS ASSEMBLY 


The R6500 Cross Assembler provides the user with the capa- 
bility of developing assembly language programs on the Intel 
Development System and downloading these programs to the 
Rockwell Design Center. (RDC) for debugging and in-circuit 
operation. 


The process of translating microprocessor instructions for a 
computer program written in symbolic .form ‘to executable 
machine instructions is called an.assembly, and the computer 
program that performs this translation is called an assembler. 
Assemblers that run on a host computer different from the target 
computer that the generated machine code is to operate in are 
called cross assemblers. One assembly language statement 
uSually translates into a single processor instruction. Each 
statement consists of a label (if required), a mnemonic operation 
code, an operand (if required), an arithmetic operator (if required) 
and an optional comment. Constants comprising one or more 
bytes of memory are generated from data statements while one 
or more bytes of memory are assigned to variables. This cross 
assembler is a symbolic assembler that allows the programmer 
to represent memory locations and numeric values with names 
or symbols. 


PRODUCT OVERVIEW 


The R6500 Cross Assembler for the intel Development System 
allows Users who have access to such a system and are accus- 
tomed to its text editor (ISIS CREDIT) to enter and edit source 
code, assemble the program and save both the source and 
object code on floppy disk. The object code can then be loaded 
into a Rockwell Design Center (RDC) for program debugging 
and in-circuit validation using an R6500, AGS00/* or R65C00 
Personality Set. Up to four personality sets can be installed in 
one RDC Main Frame to maximize the utility of one Intel Devel- 
opment System and RDC. The object code can also be pro- 
grammed into PROM/ROM for execution by an R6500 NMOS 
or R65C00 CMOS microprocessor or masked in R6500/* NMOS 
one-chip microcomputer ROM for execution. 


The disk-based R6500 cross assembler is a two-pass symbolic 
assembler which producés absolute 6500 object code. It per- 
forms symbol (1-6 characters) definition, syntax checking, 
assembly/symbol table listings and cross reference generation 
for effective program development. Assembler operation is 
automatic once started. 


The assembler outputs to the console the pass it is currently 
performing and a dot for every 16 lines of source code assem- 
bled. This enables viewing of the assembly process and obser- 
vation of detected errors. List (.LST), object (.OBJ), and symbol 
(.SYM) files are automatically generated with the source. name 
assigned as the header and the particular extension added. 


Document No. 29655N09 
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R6500 CROSS ASSEMBLER 
FOR INTEL DEVELOPMENT SYSTEM 


{| RoOCO2 R6500 Cross Assembler for Intel Development 
; System User's Manual (included with RDC-2000) 


ADC-2000 


Microcomputer Development Systems 


RDC-2000 







FEATURES 


e Intel Development System Host 

e Supports Rockwell's 8-bit CPU devices: 
—R6500 NMOS microprocessor family 
—R6500/* NMOS microcomputer family 
—R65C00 CMOS microprocessor family 
Symbolic notation—operands and labels 
Interactive assembler operation 
Operator selected object code output devices 
—Display/printer 
— Printer 
—Floppy Disk 
— Download to RDC 

- Operator selected assembly/error listing output 
—Display/Printer 
—Printer 
—Floppy Disk 
Assembler directives 

e Symbolic cross-reference 

e Communications support—downloading of object code 


ORDERING INFORMATION 


RDC-2000 | R6500 Cross Assembler for Intel Development 
System Disk (8” ISIS Il compatible disk) 


Description 














SYSTEM REQUIREMENTS 


The. Intel Development System must provide 64K bytes of 
memory and the Dual-Density Drive option to support the R6500 
Cross Assembler. 32K bytes are then available for application 
source code. The other 32K bytes contain the ISIS system (14K) 
and the cross assembler (18K). 


‘Data Sheet Order No. RDGOS 
March 1983 





Mabey 





RDC-2000 R6500 Cross Assembler for Intel Development System 


Assembler Directives 


Assembly Listing Control ae : Data Storage - 
TTL Title 3 : ‘Line Length - BYTE Initialize byte memdry location 
.PAGE Page | _SKIF Skip =. _ .WORD Generate 16-bit. address. 


.LINE Page Length nie * .DBYTE Generate 16-bit data word 
SBYTE Initialize ACSII-string, 
Source File Control — 
.END End of Assembly Equate : 
.MOD ‘Assembly Type ; = Assign value to symbol 












Error Codes 













Pass 2. 
Pass 1 1 .MOD DIRECTIVE MUST BE FIRST LINE ON LISTING 
1 OPERAND VALUE IS INVALID OR GT HEX. FFFF 2 INCORRECT FORMAT OF INDEX ADDRESSING, MISSING X 
2 OPERAND VALUE IS GREATER THAN HEX FFFF ORY 
3 INCORRECT ADDRESSING MODE — 3 MISSING-RIGHT PARENTHESIS. 
4 SYMBOL NOT PREVIOUSLY DEFINED 4 LABEL LONGER THAN 6 CHARACTERS 
5 NO OPERAND 5 .LABEL IS DEFINED MORE THAN ONCE 
6 ASCII STRING NOT PROPERLY ENCLOSED 8 RELATIVE BRANCH IS OUT OF RANGE 
7 MISSING .END STATEMENT 7 ILLEGAL OR MISSING OPCODE 
8 UNDEFINED ASSEMBLER DIRECTIVE 8 OPERAND LABEL IS DEFINED MORE THAN ONCE 
9 IMPROPER EQUATE FORMAT 9. SYMBOL TABLE FULL 
10 UNRECOGNIZABLE ASTERISK DEFINITION 10 MISSING LABEL FOR EQUATE 
11 INDIRECT ADDRESSING OFF OF ZERO PAGE 11 OPERAND LABEL GREATER THAN 6 CHARACTERS LONG 





12 INCORRECT FORM OF INDIRECT ADDRESSING, MISSING Y 12 .MOD VALUE IS INCORRECT FOR THIS ASSEMBLER 

13 INCORRECT FORM OF INDEX ADDRESSING, MISSING X 13 OPERAND NOT BETWEEN 0-7 

14 OPERAND MUST-BE ON ZERO PAGE (00-$FF) . 14 SYMBOL HAS ILLEGAL CHARACTER OR IS GREATER THAN 
ILLEGAL INSTRUCTION FOR THIS ASSEMBLER ZIJFFF 













Operators Constants (Prefix) 





Prefix Character Base Operator Operation 
(none) 10 (Decimal} + Addition 
16 (Hexadecimal) Subtraction 





@ 8 (Octal) 
% 2 (Binary) 


> High-Byte Selection 
< Low-Byte Selection 
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Rockwell R6500/* PERSONALITY SET 











INTRODUCTION . FEATURES 

The Rockwell A6500/* Personality Set is a System 65 Devel- Disk based macro assembler and debug monitor 

opment System option that.allows the System 65 user to develop, e Provides 8K RAM in system 

debug and verify special programs intended for use by any Jonee i tarmat Phas 

6500 one-chip microcomputer system. The R6500/* offers the 7 Supports Go acdiese cio ae eee 

user a high performance development system specifically etna harsware breakpoints wih eee cutpuls 

designed for emulation of a microcomputer system. This System e User defined external break signal 

65 option supports in-circuit emulation for the entire R6500 « Single step through interrupts 

family of one-chip microcomputers. e Supports four simultaneous target developments 

Tis basis RESO = lity Set includ p lity Modul e No zero page address conflicts 

asic ersonali includes a Personali ule 7 

Controller (PMC), two Personality Emulator Pod Modules, a as Power down capebilly 

Device Adapter, an In-Circuit Emulation Probe assembly, an e RAM write protection 

interconnect cable set, and the required software and support e User or system supplied power and clock 

documentation. e Real-time in-circuit emulation 

The R6500/* Personality Set provides the System 65 with a dual RUN MODE/CONTROLLED EXECUTION 

CPU capability. This added feature permits the System 65 CPU MODE COMMANDS 

to maintain control, even while the R6500/* is executing a pro- 7 : ac ; : 

gram, thus providing the user with complete control over the The R6500/* Personality Set'is designed to allow the R6500/ 

development process. to execute independent of the System 65. Thus, while the 
R6500/" is executing code, the System 65 CPU is still in op- 

The R6500/* Personality Set can be expanded to include four eration. This allows certain functions to be performed by 

separate emulation systems which can be run concurrently on the System 65 CPU without disturbing the execution of the 

‘the System 65 Development System. R6500/*. Tables 1 and 2 list the commands for the Run Mode 
and Controlled Execution Mode respectively. The R6500/* debug 
‘monitor allows certain commands to be performed while the 
-R6500/* is in the Run mode. 

System 65 R6500/* Personality Set 
Document No. 29651N35 ~ , Data Sheet Order No. 2132 


Rev. 1, June 1983 
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Table 1. -Run Mode commends 


Issue reset 

Examine or modify hardware breakpoint 
Exit run mode: 

Return to.System 65 monitor 


Select a new PMC board 

Give board number/emulator model 
Enable/disable the system pointer 
Halt/resume run 





















Commands to Display Memory or Registers 
M Display sixteen selected memory locations 


<SPACE> Display next sixteen memory locations 
F Display previous sixteen memory locations 
: Examine/modify RAM and V/O one byte at a time 
U Dump memory in Hex and ASCII format 
, '|- Invoke disassembler 
A Display register contents 


Commands to Alter Memory or Registers 
Alter memory location 
Alter program counter 
: Alter accumulator 
Alter X register 
Alter Y register - 
Alter processor status 
_ Alter. stack pointer 


§ 
Oke VAR OZ OvK KP + ~ 


ands to Set Program Breakpoints 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
Show all software breakpoint addresses 
Clear all software breakpoints 
Set or modify hardware breakpoint 


Commands to Trace Program Flow 


Z Toggle instruction trace on or off 
Vv Toggle register printout on or off 
J Show register form for printout 


Show last nine instruction addresses 





Disk Functions 


1 Special disk functions 
2 Display disk directory 
3 Delete file 




















Miscellaneous Commands 
Write project memory blocks 
Load object code 
Start execution of user's program | 
Dump memory 
Issue RESET 
Verify object code. against memory 
‘ Return control to System 65 
Reinitialize R6500/1. Monitor either from. 
System 65 or R6S00/7 Monitor 
Reenter R6500/1 -Monitor from System 65 
Enter the Text Editor 
Reenter the Text Editor 
Invoke the Assémbler 
Select a new PMC board 
Initialize the. current board 
Enable/disable printer’ ) 
Give board number/emulator model 
Stop on-going process 
Allow single step through interrupts 





NORX-O0Ors 





HOnZAMS 
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ORDERING INFORMATION a 
R6500/* Personality: Module Sets 
_ Part Number : 


M65-101 
M65-102 
M65-111 
M65-112. 
M65-1211 
M65-122 
M65-131 
M65-132 
M65-141 
M65-142 
M65-151 
M65-152 
M65-161 . 
M65-162 








“Description” 


R6500/11P Pers inality Set, 1 Hz 
R6500/11AP Personality Set, 2 MHz: 
R6500/12Q Personality Set, 1 MHz 
R6500/12AQ Personality Set, 2.MHz 
R6500/13Q Personality Set, 1 MHz 
Fi65G0/13AQ Personality Set, 2 MHz 
R6500/41P Personality Set, 1 MHz 
AG6500/41 AP Personality. Set, 2 MHz 
R6500/42Q Personality Set, 1 MHz 
R6500/42AQ Personality Set, 2 MHz 
R6500/430 Personality Set; 1 MHz 
FAG500/43AQ Personatity Set; 2 MHz 
R6500/1P Personality Set, 1 MHz 
R6500/1AP Personality Set, 2 MHz 





_ Adapter/Emulator Devices 
Part Number 
M65-211 


Description 


Adapter/Emulator Device 
(R6511Q) for R6500/1 1/12/13, 1 MHz 


.. M65-212 Adapter/Emulator Device © 


(R6511AQ) for R6500/1 1/12/13, 2 MHz 


Adapter/Emulator Device 
(R6541Q) for R6500/41/42/43, 1 MHz 


Adapter/Emulator Device 
(R6541AQ) for R6500/41/42/43, 2 MHz 


M65-221 
Me5-222 


M65-231 Adapter/Emulator Device 


(R6500/1EC) for R6500/1, 1 MHz 


M65-232 - Adapter/Emulator Device 


(R6500/1EAC) for R6500/1, 2 MHz 





Note: 

1. Used to reconfigure M65-1XX Personality Sets for use with 
other R6500/* Microcomputers, Replaces Adapter/Emulator 
Device in Personality Emulator Pod Module. 


In-Circuit Emulation Probes.” 


M65-200 40 Pin Probe and cable for 
‘RE500/11P. Prerequisite, M65-211 or 212 


M65-201 64 Pin Probe and cables for 


R6500/12Q. Prerequisite, M65-211 or 212 


64 Pin Probe and-cables for 

R6500/1 3. Prerequisite, M65-211 or 212 
40 Pin Probe. and cable for 

R6500/41P.. Prerequisite, M65-221 or 222 


64 Pin Probe and cables for 
_R6500/42Q. Prerequisite, M65-221 or 222 


64 Pin Probe and cables for 
6500/43. Prerequisite, M65-221 or 222 


40 Pin ‘Probe and cable for 
A6500/1P. Prerequisite, M65-231 or 232 


M65-202 


~ M65-203 


M6S-204 


M65-205 
M65-206 


Note: 
1. Used to reconfigure M65-1XX Personality Sets for use with 
other R6500/* Merseomputers: 
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LONG 50 PIN 
RIBBON CABLE 


LONG 40 PIN 
RIGBON CABLE 


PMC BOARD 


PMC BOARD PLUGS 
L. INTO SYSTEM 65, 
ANY AVAILABLE SLOT 


INTERCONNECT 
CABLE SET 


PERSONALITY MODULE 
CONTROLLER 


PERSONALITY 
EMULATOR POD 
MODULE NO. 2 





System 65 R6500/* Personality Set 


EMULATION POD 
BOARD 1 


ADAPTER 


EMULATION POD 
BOARD 2 


NOT USED 


System Interconnection 


IN-CIRCUIT 
EMULATION 
PROBE ASSEMBLY 


Basic R6500/* Personality Set 
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MEDIUM LENGTH 
60 PIN RIBBON 
CABLE 


MEDIUM 

LENGTH 

34/50 PIN 
RIBBON 

CABLE 


OPTIONAL 
CONNECTOR FOR 
E, F ANDG 
PORTS 


PERSONALITY 
EMULATOR POD 
MODULE NO. 1 


DEVICE 
ADAPTER 


PERSONALITY | 
EMULATOR POD 
BOARD HOUSING. 
ONE INCLUDED 
WITH EACH SET 
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ADDITIONAL PROBES AND ADAPTERS 
SELECTION GUIDE 


If you already have a System 65 Personality Set for a member 
of the R6500/* family you need not purchase a complete new 
set to support another member of the family. The following 
matrix shows the minimum probes and ates that need to 


M65-200 | M65-200 
R6500/1 1P 


A6500/120 





System 65 R6500/* Personality Set 





be purchased to reconfigure your set for another AG500/* device. 
Select the device now being supported in the FROM row, find 
the device you wish to support in the TO column. The P/N’s in 
the intersection will recontigure your Personality Set. 


M65-211 -M65-211 | M65-211 
or-212 or-212 or-212 


M65-200 00 | M6S-200 | M65s-200 


Me6S-211 | M65-211 | M65-211 | M65-211 
or-212 or-212 or-222 or-212 


M65-201 | M65-201 M65-201 | M65-201 





6500/13: 


| M6S-221 M65-221 | M662721 
or 222 or 222 | or 222 
R6500/41P , 


M6s-203 | M65-203 | m65-203 


M65-221 M65-2271 M65-221 
or 222 or 222 or-222 


RE500/420 | 
65-204 |. M65-204 | M6S-204 
‘| M6S-221 | M65-221 | M65-221 
R6500/430 or 222 or 222 or-222 


M65-205 | M65-205 | M65-205 


M65-211 M65-211 M65-211 M65-2T1 
or-212 or-212 or-212 or-2T2 


Mé5-202 | mes-202 | m6s-202 | m6s-202 


M65-221 
or-222 


M65-204 





M65-221 
or-222 


M65-205 





M65-231 | M65231 M65-231 
or232 |. or232- or-232 
R6500/1P 


M65-206° | M65-206 M66-206 








M65-231 M65-231 | M65-231 
or-232 ‘or-232 or-232 


M65-206 M65206 | M64-206 








OR 


Rockwell 


OVERVIEW 


The USER 65 Module permits users developing R6500-based 
products to extend the full power of System 65 Development 
System into their equipment for in-circuit emulation. Available 
in both 1- and 2-MHz versions (M65-001 and 002), USER 65 
supports all ten R6500 CPU's. M65-003 configuration is without 
the controller. 


USER 65 consists of two modules—a Host Module and a Buffer 
Module—and two interconnect cables. The USER 65 Host 
Module replaces the CPU Module in the System 65 chassis; it 
performs all CPU Module functions, plus several external func- 
tions. The USER 65 Buffer Module extends the System 65 bus 
lines (address, data, and control) to the user equipment. 


FUNCTIONAL DESCRIPTION 


USER 65 HOST MODULE 

The USER 65 Hast Module shown in block diagram replaces 
the CPU Module in the System 65 chassis. It is capable of per- 
forming all functions of the CPU Module, plus external address 
selection, automatic power up, and external clock selection. The 
Host Module interface signals are listed in Table 1.. 


The heart of the Host Module is the A6502 (211) micropro- 
cessor. It controls all functions of the System 65 and the user's 
external equipment. Crystal Y1 (1 or 2 MHz) generates the 
internal clock for the R6502 CPU. Switch S3 is used to select 
either the internal generated clock or an externally provided 
clock input. 


Beg USER BUFFER MODULE BUS LINES 


in 
z 
TO/FROM 
BUFFER a 
LECT ow. 


MODULE INT/EXT. ADDR. 
SE 
AGORESS 
DECODE LOoaK 


BAUD BAUD 




















INT/EXT 


CONTROL. 
BUFFER 


SYSTEM BUS LINES (ON MOTHERBOARD) 


INTERMAL 
CLOCK 


O1O2SYNC/RAN 











SO/RDY/FES/AM/IAG : 
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USER 65 Host Module Functional Block Diagram 
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M65-001, -002, -003 
USER 65 MODULES 


"M65-001 USER 65 Module 


The Host Module has automatic power-up circuit consisting of 
an NESS55 timer (Z3) and associated discrete capacitors and 
resistors. This circuit will generate a 100 msec reset pulse fol- 
lowing power-up. 


The Host Module also contains the RS-232C and TTY baud rate 
generator circuitry. Crystal Y2 (1.8432 MHz) and baud rate gen- 
erator MC14411 (Z13) generate a baud rate clock. The Clock 
rate is multiplied by 16 (x16) to provide a selectable output 
baud rate from 110 to 9600. Switch $4 and the SN74152 (Z12) 
select the baud rate. This output is then provided to the System 
65 bus to be used by the Monitor Module. 


The internal/external address selection is based on a decode of 
A15-A12, using an SN74159N (Z1) decoder. This device has 
sixteen active low outputs. Each output represents a 4K address 
space and is selected by Switches S1 and S2. The outputs are 
ORed together and inverted by SN7406 (22). This eriable signal 
is then gated with R/W signal to form a READ signal and a 
WRITE signal, which are used in the USER 65 Buffer Module. 


The address lines and control lines 81, 62, DMA, and SYNC are 
buffered with 1.C.’s 8T97 (Z8-Z10, Z5). The data lines are 
inverted and buffered with |.C.8T26 (Z6, Z7). All of these lines 
are brought to the System 65 bus and are also taken out to the 
USER 65 Buffer Module through series terminators (A1-A4). 


The Control lines S.0., RDY, RES, NMI, IRQ are brought to the 
System 65 bus and are also brought from the USER 65 Host 
Module, then buffered with open collector buffers SN7407(Z15). 
These inputs come only from the user's equipment; the RESET 
switch on the front panel will not reset the external equipment. 
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Product Description Order No. 220 
Rev. 2, August 1983 








M65-001, -002, -003 


USER 65 Modules 





System 65 bus line DMA is used to control the address and data 
bus lines. This line is pulled up internally with a 3K resistor. By 
pulling DMA low, the address, data and R/W lines are set to the 
float state, allowing an external board to control them for DMA 


operations. The DMA line does not stop the CPU—this must be - 


done by controlling the RDY line as outlined in the R6500 
Microprocessor Data Sheet Order No. D39. 


USER 65 BUFFER MODULE 


The USER 65 Buffer Module receives the address, data and 
control lines from the USER 65 Host Module, buffers these sig- 
nals and interfaces them to. the user's equipment. 


The address lines, SYNC and R/W lines are buffered with I.C.’s 
8797 (Z1-Z3). The control lines RDY, RES, NMi, IRQ, and S.0. 
are buffered with open.collector 1.C.'s SN7407 (24). The data 
lines are inverted and buffered with |.C.'s 8T26A (Z7 and Z8). 
They have series terminators of 150 ohms (29). 


The @1 and @2 clocks are buffered by 8T97 (Z5). To use an 
external.clock, jumper N must be installed. To use 1, jumper 
M must be installed: The DBE signal is provided for use during 
emulation of the ,A6512 CPU. This line has an internal pullup 
resistor of 3K. When brought low it ‘will disab'e the data bus 
drivers. _ 

Two other signals, READ and WRITE, are buffered by Z5. The 
READ signal is generated by the Host Module and is high when 
the R/W line is high and an external address is active. The 
WRITE signal, also generated by the Host Module, is high when 
R/W line is low and an external address is active. These two 
lines control the data bus buffers 27 and Z8. 


Table 1. USER 65 Host Board to Buffer 
Board Interface Signals 


CONNECTOR J1 CONNECTOR J2 





















EXT, CLOCK 
g2 

gt 

GATED READ 
GATED WRITE. 














Note: Even-numbered pins are connected to Ground. 
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BUS LINES TO/FROM USER EQUIPMENT 













SO/RDY/RES/NMI/IAG 









DATA : 

BUFFER | | 
ADDRESS 
BUFFER 


PI/P2ISYNC 








EXTERNAL CLK. FROM USEA EQUIPMENT 


USER 65 BUS LINES 


USER 65 Buffer Module Functional Block Diagram 
USER 65 CABLES 
The cable assembly supplied with the USER 65 option provides 


‘the signal paths between the USER 65 Host and Buffer Mod- 


ules, and between the Buffer Module and the user’s equipment. 
Since the USER 65 option Is designed to emulate all versions 
of the R6500 Family of CPU's, both-a 40-pin cable and two 28- 
pin types of cables are provided. , 


INSTALLATION 


USER 65 HOST MODULE 
Install the USER 65 Host Module in the System 65 as follows: 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
system. 


2. Remove the top cover of the System 65. 

3. Remove the CPU Module. 

4. Set switches S1, S2, S3 and S4 on the USER 65 Host 
Module per Table 2. The switch positions are shown in Fig- 
ure 1. 

5. Plug the USER 65 Host Module into any convenient slot in 
the System 65 chasis. 

6. Route the cables from the Buffer Module through the back 
panel of System 65, through the slot provided. 

7. Connect the 40- and 50-pin cables from the Buffer Module: 
to the top of the Host Module (the connectors are keyed with 
arrows). 
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“CLOCK SELECT SWITCH. ,BAUD RATE SELECT SWITCH 





ADDRESS 
SELECT 
SWITCHES 





! "JUMPERS ~ 
Figure 1. USER 65 Host and Buffer Modules 
Table 2. USER S Host Module Switches 


FUNCTION , 


ADDRESS SELECT 


8. Set switches S1 and S2 on the RAM Module per Tables 3 
and 4 to enable/disable and to select the address range of 
the internal System 65 RAM. : 





SWITCH 










NOTE 
If external RAM adddresses are selected on the USER 65 
and the same addresses are selected and enabled on the 
System 65 internal .RAM board(s), the internal RAM will 
override and prevent proper operation of the external 
RAM. 





$1/S2 These switches determine whether address selection is 
internal or external: for each 4K. byte portion of mem- 
ory space. External memory is setected when the switch 
is ON, internal memory is selected when the switch is 


OFF. 





$1 Switch Address Range 


$0000 - $OF FF 
$1000 - $1F FF. 
$2000 - $2F FF 
$3000 - $3F FF 
$4000 - $4F.FF 
$5000 - SSF FF 
$6000 - $6F FF. 
$7000'- $7FFF 


9. Install the top cover. 


Table 3. RAM Module Enable/Disable 
Switch Definition 


ON OOAWN = 





Switch S1/S2-4 Position | RAM Enable/Disable State 
Address Range 
Address Range 


Swi 
1 .$8000 - $8F FF 
2 $9000 - $9F FF 
3 $A000 - $AFFF.. 
4 
5 
6 
7 
8 

















RAM Disabled-(Deselected) 





_RAM Enabled (Selected) :- : 





$B000 - $BFFF 
.$CO00 - $CFFF 
“$D000 - SDFFF 
$E000 - SEFFF 
., $FO00 - $FFFF 


Table 4. RAM’Address Range Select 
Suite Settings 


Switch $1/S2 Position 
Pa [2] | tx Ader Renan Stet 
Up a : _ # 


.. $0000 - $1,FFF 


CLOCK SELECT 


Switch $3 selects either. the’? SYSTEM 65 clock (INT) 
or an external, user-supplied clock (EXT). If an exter- 
nal supplied clock is- used, the frequency must be 
1 or 2 MHz + 1% if operation. of the SYSTEM 65" 
mini-floppy disks is required. ig Must always be a 
TTL level, square wave, clock input: ; 





. $2000", aerE 
$4000 - $5FFF 


$6000 - $7F FF 
BAUD RATE SELECT me 


$8000 - $9FFF 







This switch .determines the baud rate for either the 


RS-232C or TTY ports. Switch settings are: és 
Pp 9 $A000- $BFFF 






(S4) POSITION. = BAUD RATE 


0 110 
150 
300 
600 

1200 

2400 

4800 

9600 


$C000- $DFFF: 









$E000- $FFFF 


.Note: “Up"’ is toward the top edge of the module 





NOMA WN = 
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USER 65 BUFFER MODULE 


Since” the: Buffer: Module. is, designed to Suppo al CPU's in the we 
‘R6500 family, specific jumpers ‘or straps'.t nust be inserted to a User ae 

support the exact GPU being emulated. Table 5 gives the strap- Equipment, |! * Gable To 
ping requirements. Jumper: locations are. Shown in sau i -.@PuU |S | User Equipment | Jumper 


Table §. .USER 65 Buffer Module 
Pe Connection Requirements 














R/W 

| g1 (OUT) 
go (IN) 
R/W 
RES 
vss 
iRQ 
NMI 

@2 (OUT) 
gO (LN) - 
R/W 
RES 
VSS 
ino 

92 (OUT) 

-| .@0 (IN} 
RAW 
RES 
vss 
RDY 
TAG 

_ 92 (OUT) 
gO {IN} 
R/AW 
RES 
‘VSS 

91 (OUT) 
(RO 

g2 (OUT) 
g1 (OUT) 
| 90 (IN) 
RAV 
RES 
VSS 
RDY 

@2 (OUT) 
go (IN) 


The Buffer Module has two modes for the RW: fine. ‘For 40-pin . 65020: “| PSO0-D603-001 . 
CPU emulation (R6502 and. R6512), the A/W line is connected F Rite epee 

to the user's’ equipment as is. Since the: 28-pin CPU's do not 
provide all the address lines to the user’s equipment, address 
conflicts can occur during. System 65 Monitor execution. A gated 
R/W line is provided to prevent these conflicts; this line is nor- 
mally high, and goes low only when an external-address is pres- 
ent and RW i is low. 





| PS00-D605-001 


The Buffer Module also has straps for clock selectign. One strap. peeve dre 


allows the 81 (OUT) signal to go to the user's equipment. The 
other strap is used to allow an external clock (#0 (IN) or £2 (IN)] 
to be used. Switch $3 on the .Host:Module must be set to. EXT 
when ‘the external clock is used. 





PS00-D605-001 


The Buffer Module | is rude with: three: ‘sockets and three 
cabels. The 40-pin socket (J3) should. be used for either of the 
40-pin CPU's, R6502 or R6512. The cable labeled PSO0-D603- 
.001 should be used. to connect from J3 to the user's equipment. Al 
The other two sockets (J4 and J5) are for use with the 28-pin. : “T pS§00-D605-001 
CPU's. Table 5 correlates the socket and 28-pin cablé' ‘to be ll) a8 : 

used for each of the 28-pin CPU versions. 





The DBE. (Data Bus Enable). line for the R6512 i is available to 
the user’s equipment. There is an ‘internal 3K pullup resistor in 
the Buffer Module, so it can be left open if desired. To disable 
the data output drivers, pull the DBE line low. 


The installation procedure is: 


R 
M 
N*. 
Po” 
iB 
E 
F 
A 
N* 
Pp 
B 
D 
E 
A 
N 
- ?P 
»B 
D - 
K 
S$ 
LA 
N* . 
Pp 
-B 
D 
LL 
$s 
A 
M 
N 
P 
8 
‘D 
K 
A. 
N 


1. Remove the top of the USER 65 Buffer Module assembly. 
2. Insert the desired jumpers, per Table 5. 
3, Connect.either the 40-pin cable to plug J3-or the 28-pin cable 


to plug J4 or J5, as appropriate. . eg 
4. Reinstall the top of the Buffer Module assembly. , ; nals 
5. Plug the free connector of the cable into the user's equipment. RES 





NOTE PS00-D604-001 


Any conductive foam must be removed from the CPU plug 
pins to allow proper System 65 operation even when the 
CPU plug is not.connected to user.equipment. eS 

tt, PS00-D604-001 
6. Turn System 65.and user's equipment power on. 





a 


*Jumper N is required with ‘an external clock. Switch S3 on the 
USER 65 Host Module must be positioned to the EXT position 
when the extended clock or frequency reference is used. 
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TYPICAL APPLICATION 
A typical application for the USER 65 module is illustrated. The 


user's system may include any combination of ROM's, PROM's, . 


RAM'’s, IO devices, and a 40- or 28-pin CPU socket. For 
emulation purposes, the USER 65. module is installed in. the 
CPU socket instead of a CPU. The user must provide page 
0($0000-SOOFF) and page 1($0100-$01FF) either internally or 
externally for use by the System 65 Monitor. For system devel- 
opment purposes, the user's ROM may be emulated with one 
or more RAM modules provided in the System 65 chasis. This 
permits easy manipulation, debugging, and reassembly of the 
user’s program during the development phase. For editing and 
assembling of the source program, the user may use the System 
65 RAM or may provide his own RAM modules externally. 


The USER 65 module may be used with the System 65 Monitor 
enabled or disabled. With System 65 Monitor enabled, the full 
resources of the System 65 Monitor are available for program 
checkout and debugging. In this mode the System 65 uses 
addresses $C000-$FFFF; these addresses cannot be used by 
the programmer. 


USER’S SYSTEM SYSTEM 65 
ROM’s 
RAM‘s 
VO DEVICES 


USER 65 
BUFFER MODULE 


INTERNAL 
ROM, 
RAM & 


USER 65 Module Hook-up 
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SPECIFICATIONS 











Common Specifications 
Operating Frequency. 
Operating Temperature. 
Power Requirernents 















1.MHz or 2 MHz 
0 to 70°C © 
+5 Vde + 5% @1.5A _ 






Host Module Specifications 
Module Dimensions. 
Edge Contacts:. 

Edge Contact Signals: 







9.75 in. wide x 7.50 in. high 
86 pins on 0.156 in. centers 
System 65 compatible 






Buffer Module Specifications 
. Module Dimensions: 
Cable Lengths: 

To Systern 65 

To User Equipment 





4.125 in. wide x 7.375 in. high 











~ 60 in. 
12 in. 










O% 
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M65-031 AND M65-032 — 
16K STATIC RAM MODULES 





OVERVIEW 


The 16K Static RAM Module contains 16K (16,384) bytes of 
Random Access Memory (RAM), implemented with 32 R2114 
1024 x 4 Static RAM devices and is available in either 1 MHz 
(M65-031) or 2 MHz (M65-032) version. Also included are 
address decoding and selection, write protection and data buft- 
ering circuitry. 


The module’s 16K bytes of RAM memory are segmented into 
two independent 8K-byte sections..Each 8K section is controlled 
by an enable/disable switch and three address range select 
switches, located at the top of the Module. Each 8K section can 
be independently write-protected via special lines. 


The Static RAM Module is directly compatible with the Rockwell 
System 65 Microcomputer Development System, and can be 
used to increase the system's read/write memory capacity from 
16K bytes to 48K bytes, without hardware modification. The 
module may also be instatled jin user-designed equipment, via 
the Auxiliary Card Cage. 


FEATURES 


e System 65 compatible 
e Available in 1 MHz (450 ns access) and 2 MHz (250 ns 
access) versions 


e 16K bytes of Random Access Memory, with two independent 
8K sections 


Separate write protect capability for each 8K section 
Static—no clocks or strobes required 

9.75 in x 6.00 in. module 

Single +5V supply 





M65-031 16K Static RAM Module 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the RAM Module are 
compatible with the Motherboard pin assignments given in Sec- 
tion 4 of the System 65 User's Manual (Document No. 29650 
N35; Order No. 206). , 


The RAM Module’s 16K bytes of read/write memory are pro- 
vided by 32 R2114 1024 x 4-bit Static RAM devices. 


Address Buffers Z47, Z46 and 233 and Data Buffers Z32 and 
245 present a single TTL load to the Motherboard edge con- 
nector. The data signals are inverted to make them compatible 
with the system 65 Data Bus (DO- D7). 


Module Switches $1 and 82 provide independent 8K RAM sec- 
tion enable/disable and address selection. $1-4 and S2-4 permit 
each 8K section of RAM to be enabled or disabled. S1-1, -2 
and -3 and S2-1, -2, and. -3 select the base. address to which 
the respective 8K sections will respond. These: switch settings 
are compared to upper address bits A13, A14 and A15 in. 
Address Comparator devices 210 and Z21. The Comparator 
outputs enable or disable 1-of-8 Decoder devices 29 and Z20 
to provide the input chip select signals to the two 8K RAM 
sections. 


Write protection is controlled by seven Write Protect lines, WP1- 
WP7, one line for each 8K section of memory (the lowest sec- 
tion, addresses $0000-$1FFF, may not be write protected; note 
that 248-2 is tied to ground to permanently enable writing to this 
section). A low voltage on WP1-WP7 enables writing into the 
associated 8K section. 


When the Address Comparator enables the RAM Device Select 
Decoders, Address Select switches S$1-1 through S1-3 and 
$2-1 through S2-3 are used by Z35 and Z36 to select one of 
the seven Write Protect lines. The selected line controls the 
RAM Write Contro! signals, 234-6 and Z34-8. 
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ADDRESS SELECT 
AND ENABLE/DISABLE 
SWITCHES 


-WP1-WP7 CHIP 


SELECT 
LOGIC 


R/W/@2 


CONTROL 
BUFFER 


SYSTEM 65 BUS LINES 


RAM Module Functional Block Diagram 


INSTALLATION 


Use the following procedure to install 16K Static RAM Modules 
in the Systern 65 or, with appropriate changes, in an Auxiliary 
Card Cage. 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—lIt may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 

3. The RAM Module has two banks of switches—S1 and S2— 
one bank for each 8K section of RAM. Using Tables 1 and 
2, select the enable/disable and address range character- 
istics for each 8K section. 


NOTES 


For proper System 65 operation... 


a. Page 0 (address range $0000-$00FF) and Page 1 ($0100- 
$01 FF) must be provided in RAM—either internal RAM 
or external RAM as interfaced by USER 65 or its 
equivalent. 


b. RAM addresses in the range $CO00-$FFFF are used by 
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the System 65 Monitor Board, and must not be enabled 
in RAM Modules, 


4. Insert the RAM Module(s) into any vacant slot(s) in the 
System 65 chassis. 

5. Install System 65 top cover. 

6. Turn system 65 power on. 


Table 1. RAM Enable/Disable Switch Settings 





Switch $1/S2-4 Position RAM Enable/Diaable State 


Up (Off) RAM Disabled (Deselected) 
Down (On) RAM Enabled (Selected) 


M65-031 and M65-032 i 16K'Static RAM Modules 





. Table 2. RAM Address Range Select Switch Settings SPECIFICATIONS 


Switch $1/S2 Position _ 8K Address 
Range Selected _ 
































Memory Size: -16K bytes 
















ae See ee - Word Length: 8 bits 
‘Up a Interface: . System 65 compatible 
-$1 FFF rfe 
peep eae Max. Access Time: 450 ns (P/N M65-031) 


250 ns (P/N M65-032) 
| 32 R2114 Static 1024 x 4-bit RAM 
| devices 

9.75 in. wide x 6.00 in. high 

86 pins on 0.156-in. centers 
- O°C to +70°C . 
+5 Vde +5% @ 3.0 amps (typical) 


$4000-S5FFF 
$6000-$7FFF 
‘ $8000-$9FFF 
$A000-$8FFF 
$C000-$DFFF 
$E000-$FFFF 


Note: “Up” is toward the top edge of the Module. © 





’ Module Components: - 






Module Dimensions: 
Edge Connector: 

Operating Temperature: . . 
Power Requirements: 










LOGIC LEVELS Ta = 0°C to +70°C, Voc = +5V +5% 


Characteristic | Symbian | Condition 


‘Inputs (DO-D7), AO-A15, WP1-WP7, g2, R/W 
, ‘Input Low. Voltage ; lic = 400 ya 
* Input High Voltage i | lin = 40 wa 
Outputs (00-B7) — 
Output Low Voltage’ 
. Output High Voltage — 






lo. = 48 ma 
lou =10ma 
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OVERVIEW 


The M65-040 PROM Programmer Module provides System 65 
users with a means to program, verify, read and check Pro- 
grammable Read Only Memory (PROM). devices, and supports 
2704, 2708, 2716, 2516, 2532, and 2758 devices. The PROM 
Programmer Module connects directly to the PROM Socket on 
the front panel of the System 65 chassis, via supplied cable. 


The Module is supplied with a mini-floppy diskette which holds 
a set of software routines that allow the User to check a PROM 
for proper initialization, program the PROM from System 65 
memory, verify the PROM with System 65 memory, and read 
the contents of the PROM into memory. Utility functions to load, 
verify and dump memory are also supplied. 


FEATURES 


e System 65 development system compatible 

Supports programming of 2704, 2708, 2516, 2532, 2716 
‘(Intel and Texas Instruments) and 2758 PROM devices. 

e Comes with software on mini-floppy diskette 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the PROM Pro- 
grammer Module are identical to the Motherboard pin. assign- 
ments given in Section 4 of the System 65 Hees Manual 
(Document No. 29650N35). 


Table 1 summarizes the PROM Socket interface, and applies 
to both the PROM socket located on the PROM Programmer 


Module and the PROM socket located on the System 65 front . 


panel. 





M65-040 PROM Programming Module 


The PROM Programmer Module consists of two R6520 Periph- 
eral Interface Adapters (PIAs), data buffers, address decoders, 
26V power supply, level shifters and power-up circuitry. 


The power-up circuitry (29) generates an automatic reset during 
power-up. A reset signal may also come from the Reset line of 


‘the System 65 Bus. 


‘The PROM Programmer Module contains data bus buffers, 212 


and Z13, to provide a logical inversion and a single TTL load to 
the System 65 bus signals. The two R6520 PIAs, Z5 and Z8, 
are used to store the address, data and control information for 
the PROM device. The address, Read/Write (R/W), and @2 sig- 
nals are buffered and decoded by 210, Z11, Z14, Z15 and 216. 
PIA No. 1 is addressed at locations $CO018-$C01B. PIA No. 2 
is addressed at locations $CO1C-$C01F. 


The PROM device receives address lines A0-AQ and data lines 
DO-D7 directly from the PIA devices. The program lines (see 
Table 1, PROM socket pin nos. 18, 19 and 20) are level-shifted 
to provide either OV, +5V, +12V, +25V or +26V to the PROM 
device, depending on the device type. The 26-voll power is gen- 
erated fom the +5-volt power through a DC-DC converter, 26, 
and an adjustable voltage. regulator, Z1. Relays XR1 through 
XR¢4 are used to switch the power lines (see Table 1, PROM 
socket pin nos. 21 and 23) to +5V,.+12V and —5V to the PROM 
‘device, depending on the device type. The —5V power is gen- 
erated from the —12V power line through a voltage regulator, 
Q9. - 


Table 1. System 65 PROM Socket Interface Sumi 

















-vectPE) | vec 
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MODULE INSTALLATION 
Install the PROM Programmer Module as follows: 
1. Turn System 65 off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


i] 


. Remove the top cover of the System 65. 


. Insert the PROM Programmer Module into any vacant slot 
in the System 65 chassis. 


4. Connect one end of the supplied cable to the connector on 


. @ 


top of the PROM Programmer Module and the other end to. 


the corinector mounted on the inside front panel of System 
65. Observe the correct polarity of the plugs and sockets; 
i.e., align the arrows marked on the plugs and sockets. 

. Install the top cover of the System 65. 

. Set the System 65 RUN/STEP Switch to RUN. 


a on 


NOTE 


The PROM programmer will not operate properly if the 
RUN/STEP Switch is in the STEP position. 


N 


. Turn System 65 power on. 


. The PROM Programmer Module has an automatic reset fea- 
ture. The standard power-up message should appear on the 
system terminal device’ at power-on. A manually-initiated 
reset may, however, be performed whenever required. 


ae] 


PROM DEVICE INSERTION/REMOVAL 
CAUTION 


‘The Prom device is fragile, ‘and dropping, twisting or 
uneven pressure may break it. Never press down on the 
window area of the chip. 


The PROM device may be inserted into System 65 tront panel 
socket or into the socket located on the PROM Programmer 
Module. 


‘CAUTION 
Only one PROM device should be installed at a time—in 
either the System 65 socket or the PROM Programmer 
‘Module socket. Programming with PROM devices installed 


in both locations may cause erroneous results and/or 
: damage to the PROM. 


PROM. INSERTION/REMOVAL en THE SYSTEM 65 
FRONT PANEL 


To insert the PROM device: 


1. Push the PROM socket lever out from the System 65 front 
panei, to release pin pressure. 


2. Position the PROM device in front of the socket, being careful 
to observe the Pin 1 location. 


CAUTION 


Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. 


3. Insert the PROM into the socket, then push up and in on the 
socket lever to apply pressure to the pins, 


To remove the PROM device, grasp the PROM device at each 
end, then push the socket lever away fromthe System 65 front 
panel to release pin pressure. 


PROM INSERTION/REMOVAL ON PROM 
PROGRAMMER MODULE 


To insert the PROM device, position the PROM device in front 
of the socket, being careful to observe the Pin 1 location. 


CAUTION 


Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses Fi and F2 on the PROM Pro- 
grammer Module. 


With the PROM properly oriented, gently start all pins evenly 
into the socket pin guides.:-Then press firmly and evenly on the 
device (avoiding contact with the light window) until the device 
is securely seated. 


To remove the PROM device, exert an even, upward force on 
both sides of the device while counteracting with a lesser, evenly 
applied downward force. This will prevent the PROM device 
from popping out one side and: bending or breaking pins still 
engaged at the other end of the socket. , 


OPERATION 


The PROM Programmer software allows checking, reading, ver- 
ifying and. programming 2704, 2708, 2758, 2516, 2532 or 2716 
type devices. The data/instructions are copied to/from the System 
65 RAM memory in the address range specified by the user. 
The user can then transfer this information to/from the diskette 
(or other /O device) using System 65 software routines. 


LOADING THE PROM PROGRAMMER ROUTINES 


There is one PROM programmer object file supplied on the 
PROM Programmer diskette, PROM*n, where “n” is the pro- 
gram release revision letter. File PROM*n occupies from $0200 
to $OFFF. User programs can be loaded starting at-$1000. To 
load the PROM"n program, use the System 65 Load Command 
L. Then enter the file name (PROM"“n) and disk drive number 
desired. Since the PROM“n program may occupy the same 
memory area in which user's data may reside, an offset may be 
applied to the user's data to locate it to $1000 or above (see 


. Load, Verify and Dump functions with offset). PROM*n uses 
‘page 0 ($0080-$009A) and page 1 ($0100-$01FF). . 


NOTE 


The System 65 RUN/STEP switch must be in the RUN 
position for PROM programming. 
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After the program is loaded, use the five (5) key to start the 
PROM Programmer routines for a 1 MHz system or the six (6) 
key for a 2 MHz system. The 5 (or 6) key may also be used for 
reentry into the PROM Programmer routines. Once the routines 
are entered, the only way to exit back to the System 65 monitor 
is to press the ESC key, if the program is waiting for input, or 
the Reset switch. 


The PROM Programmer PROGRAM PROM(P) and VERIFY 
PROM (V) functions require that the data to be programmed 
and/or verified be in RAM memory prior to execution. If the pro- 
gram data resides on diskette (or other media), use the Systern 
65. Monitor L command to load the object code into memory 
before entering the PROM programmer functions with key 5 (or 
6). Alternatively, use the PROM Programmer L command. to 
load the program data with optional offset after:the PROM Pro- 
grammer functions have been entered. 


PROM PROGRAMMER OPERATION 


Before. entering any,of the PROM Programmer functions to 
follow, ensure that the required PROM devige is installed in the 
desired PROM socket—the System 65 front panel socket‘or the 
PROM Programmer Module’s PROM socket—per the PROM 
Device Insertion/Removal instructions. The PROM Programmer 
functions may be entered in the absence of an installed: PROM 
device, but this may cause verify errors. 


CAUTIONS 

1. Insert a PROM device only when System 65 power is 
on and either the Monitor prompt (<) or the PROM: - 
Programmer prompt (=) is the last character displayed 
on the system terminal. Failure to do so may cause 
damage to the PROM device. 

2. DC power to the PROM device installed in the PROM 
socket is set to zero upon System 65 power-up or 
depression of the Reset switch. During a PROM Pro- 
grammer function, DC power is supplied to the PROM 
socket after entry of the last address, then the corn- 
mandéd PROM programming function is performed. 
The DC power is removed upon completion of the-pro- 
gramming function, before the next PROM Pro- 
grammer prompt character (=) is displayed. 


Once started, the routines will-ask the user for certain infor- 
mation. This information should be entered on the system ter- 
minal. For numbers or addresses, type in the number followed 
by a space o. carriage return to.terminate the number. Leading 
zeros are not necessary. Only the last four digits of the number 
are used. If a mistake is made before pressing the space bar 
or carriage return, reenter the correct number (all four digits). 
If a mistake is made after entering a number, exit the PROM 
Programmer routines using the ESC key or Reset switch on the 
front panel and restart with key 5 (or 6). If an invalid command 
or number is entered the routines will print WHAT? and ask you 
to reenter. 


Following illustration is an example of a PROM Programmer 
load and initialization along with the user's response. 
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Next, the data to be copied to the PROM device can be loaded 
using the L command. In this example, the file USERIN was 
loaded. Type 5 (or 6} to start the routines. Next, enter the device 
type. If a 2716 was entered, the message TMS 2716 (Texas 
Instruments) PROM? will be printed. Enter Y for yes or N for 
no. The routines will reprint the device type for verification each 
time a new function is requested. A single character should now 
be entered to indicate the function requested as outlined in the 
subsequent text. - 


<L>OFFSET=B0B8 IN=F FILES PROMsE _ BISK= >a 
CONE é 


Sy . 
PRON FRCGRAMER FOR 1 ine SYSTEM CYVER E> 


ENTER 2704, 2708, 2756, 2716, 2516, 2532 
=Z716 
™™S 2746 PRON? 
aN : 
Sesuaieiadaledpuihistaaiaaiainaindianital 
CEVICE TYPES | 
2716 
AR ab ho os a i 


ENTER PROM COMMANO. VERIFY <>. PROGRAM. 9, READ R2, OR CHECK<(C) 
OF MEMORY COMMAND. VERTEY<F 2, LOAC“L, DUMPCO>, MEM FILLCM>, INVERTXE > 





Power-Up and Loading Responses 


PROM PROGRAMMER RE-ENTRY 


After initialization by the (5) or (6) entry and selection of a PROM 
type, the PROM Programmer function may be re-entered from 
the System 65 Monitor by typing 7. This allows the Monitor to 
be entered from the PROM Programmer to perform utility func- 
tions then the PROM Programmer quickly re-entered to continue 
PROM operations. Initial entry using key 5 or 6 must be used, 
however, to change PROM type selection, The message WHAT? 
will be displayed if Key 7.is. typed prior to initialization of the 
PROM Programmer function? 


ADDRESS SELECTION 


The addresses entered are the hexadecimal locations of the 
RAM memory used for checking, programming, reading; or ver- 
ifying. The upper address bits are then stripped off to form the 
address for the PROM devices. In general, the addresses must 
comply with the following restrictions: 


1. Cannot be Page 0 ($0000-$00FF) or Page 1 ($0100-$01FF). 

2. Cannot overlap the PROM Programmer routine for file name 
PROM*n ($0200-$OFFF). ~ 

3. The last address must be greater than or equal to the first 
address entered. 


4. The address range from first to last must not exceed the size 
of the PROM being programmed. 


In addition, there are further restrictions on certain PROM 
devices, imposed by the.PROM manufacturer. The 2704, 2708, 
and TI TMS2716 must be programmed using their total address 
space during one programming. This means that the 2704, 
2708, and TI TMS2716 must start on a 1/2K; 1K or 2K address 
boundary, -respectively.. They also have to extend 1/2K, 1K or 
2K bytes in length, respectively. The 2516, 2532; 2758 and Intel 
2716 do not have this requirement. Therefore, single byte or 
multi-bytes may be programmed within the address range of the 
device. The routines are designed to check for any invalid 
address entered and will print WHAT? and ask for the address 
again. 
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PROGRAM FUNCTION. L(t HE P COMMAND) 


The Program Function (P) loads the - contents of System 65 
-memory.into PROM.’ It is entered by pressing the P key in 
response to the ENTER: command message. The routines will 
‘ask where any errors detected during verifying, should be printed. 
This is indicated, by the message ERROR LIST OUT=. Enter 
any of the standard vO device characters (space-for CRT, P for 
Printer, ete.) 


After the first and last address'is entered, the routines will check 
to see if the PROM is initialized: Since these, PROMs are ini- 
tialized:to an all-ones condition by placing them under an ultra- 
violet light, a check is made prior to programming for an all-ones 
condition. if any zero is detected in the bounds-of the address 
range entered, the messages PROM NOT INITIALIZED and 


CONTINUE Y or N will be printed. The use ‘has the option of 


‘aborting the programming (type-N ‘for no) and initializing ‘the 
PROM properly or continuing with the pregame by typing 
the Y (yes). key. 


It is possible to change a 1 to 0 with the PROM programmer, 
but the PROM must be exposed to an ultraviolet light to set the 
“bits back to one’s according, to the respective manufacturer's 
specifications. If the PROM is initialized or “Y” entered, a star 
will be printed every 1-5 seconds, indicating programming in 
progress. After programming; the message VERIFYING will be: 
“printed and the PROM device will be verified agairist the spec- 
ified RAM locations. This is automatically. done every time. If 
there are no errors detected, the message DONE will be. printed 


and the next operation: ‘requested.. Any errors detected will be 


printed ‘on the selected vo eS 


“a 
vA 


| "25 Bee : 
t PROM PROGRAMMER. FOR 1: aed susten, (WER E>. 
a 

_ENTER 2704, z7ea. 2758, 2716. 2546, 2532, 
#2716 
THs 2716 PRON? 


gt. 
iho 


cceneewennensionanntne 
DEVICE. ‘TYPES : 


16° ‘ 
1 ceheceasennereenetnit . q 


if ENTER PROM CONeAeD : VERIEVCV). “PROGRANCPD, REAOCR>,OR CHECK «o> 
OR. MEMORY CORON “VERTIFWCF), LORDCL>, Bune CD22 “EM FILLCM>, INVERT I> 


] Tal, 
EMER. FIRST RODRESS 
| exter Last RODRESS. 
=27F 


PROM NOT INITIALIZED 
CONTINUECY OR'ND , ms 


ay : 
; - cosluniieeiteecamebnsiaealundedebbaseaaiehdaheahinianeehineeheaaaaeennedeeneaeaecniel 


|] VERIFWING 
bata 
cdepiabmungalsiantataietaniainie 
DEVICE TYPE= 
“2716 


Sena nee RIE 


= . ENTER ‘PROM COMMAND :  VERTFVEWD, PROGRAMCP?, REROR), oR CHECK «o> 
OR MEMDRY Cc! CORMAND : VERIFYCE >. LOAD<L>, DURMP<D>, MEM FILLCH>. INVERT<1> 


Program Function Example 








PROM Programmer Module . 


_ NOTES 


1. A variicaiien error ahOwli a series of 1’ sina specific 
PROM bit position after programming may indicate ‘a: 
poor connector contact caused by improper PROM 
installation in the PROM socket. See’ the. EROME Device 
Insertion/Removal instructions. 

“2. If fuse F1 or F2:0n the PROM Programme Module’ is 
blown, the PROM may not verify correctly. Mery that 
both are good if a verify error occurs... ° 


VERIFY FUNCTION (THE V.COMMAND) ._ 

The Verify Function (V) verifies the contents of the PROM with 
‘the contents of System. 65 RAM. It is entered by. Pressing. ae 
V key in response to the ENTER command message.. 


-The routines will request where any errors detected should be: 


“printed. This is indicated by the message. ERROA LIST OUT =. 


Enter any of the standard /Q device characters defined in the 
System 65 User's Manual (space for.CRT, P for Pririter, ‘ete.). 
Next, type in the first.and last addresses. As soon as the’ fast 
address is entered, power will be applied to the PROM device .. 
and the contents of the PROM compared to the respective con- 
tent of the RAM. If no errors are found, the message DONE will 
be printed, and the next operation requested. If errors. are 
detected, the address, contents of PROM, and contents of RAM 
in disagreement will be cee ees on the selected ug 
device. 

oT ae 

PROM , PROGRAMMER FOR a MHz SVSTEN WER ©> 


ENTER 2784, bees 278e, 2716, 2516. 2532 
=2716 ~ 
i- 2726 Pron? 


pt : 
F aeeneaeitcechineineaedanee oS 


DEVICE TYPE= 
) 2726- 
Fast anata eaahdaeh clea stash 


3z | ENTER: PROM COMMAND : VERIFY<¥>, PROGRAMCP)> REAOCR>, OR CHEEK<CC) 


FL OR MEMORY. COREAND : VERIFY CF» LORD <>; DUMP CD>. MEM FIUL¢m>, TNVERTCI). ; 


: ENTER B1RST pobRESS | =“ 


ENTER LAST ADDRESS 
L7F 


Gorn RR - 
DEVICE TVYPE= ; 


‘| 2716 


ela 


“3 ENTER PROM: COMMAND ; “VERTF¥CWs PROGRAH(P>. REROCR?, ‘OR CHECKCO) 


OR MEMORY: COMMAND : _ VERIFY SED» (LOADSL 2 DUMPED: a FIRM, INVERT I>) 


Verify Funétion Pexomeie with’ Errors: 


ot ty 


“READ FUNCTION THE | R COMMAND) ee 
The Read Function (R) reads the contents of PROM into System 


“ ” 65 RAN. it is entered by pressing the A hay in, response to the 


= : ENTER command ree: 


~~ After the first and. last addresses: are eiitered, power will be 


_applied.to the PROM and the:contents copied | into ‘the specified 
_. RAM locations. When completed, the message | DONE will be 
~ printed and the next operation requested. 


6-35 











Me5-040 


PROM Programmer. Module 





The PROM Programmer READ function reads program data 
_into:System 65 RAM memory from PROM. After reading is com- 
plete, save ‘the PROM data on diskette. (or other media) using 
the System 65 Monitor D- Command after exiting the PROM 
Programmer functions. Alternatively, use the PROM Pro- 
grammer OD command to dump-the data with optional offset 
‘before:ithe PROM Programmer functions are exited. The amount 
to be stored or loaded at one time is limited only by the RAM 
locations available.” 


<S>- 
PROM PROGRAMMER FOR 4 MHZ S¥STEM <VER E> 


ENTER 2704, 2708, 2756, 2716,.2516, 2532 . 
=2716 

‘TMS 2716 PROM? - 

an. 


2 EEO RADON 
DEVICE TYPE= 

2716 . 
eet 


ENTER PROM COMMAND: VERIFYCV), PROGRANCP), READCR. OR CHECK(C> : 
[> OR MEMORY COFMAND: VERIEYCF >. LORO<L>, DUMP<D>, MEM FILLCM>, INVERT(I> 
ae OR ; 

Y RERD 

ENTER, FIRST RODRESS 

“4080 

ENTER rth ADDRESS 

=47FF 


DONE 


eC ae 
DEVICE TYPES 
-2716. 
nee e nnn enn 


ENTER’ “PROM COMMAND: -VERIFY<¥>. PROGRAM(P>. READCR>, OR CHECK(C) 
OR MEMORY COMMAND - VERIFYCF >, LOADCL), ‘DUMP <O>, MEM FILLCM>, INVERTCT> 


Read Function Example 
CHECK FUNCTION (THE C COMMAND) 


The Check Function (C) is used to check that. the PROM is 
initialized. It is entered by pressing the C key in response to the 
_ENTER command message. , 


After the first and last addresses are entered, power is applied 

"to the device and all specified locations are checked for $FF. 
: The message PROM NOT INITIALIZED will be printed if all 
locations do not contain $FF. The message DONE will be printed 
when the Check Function is complete. 


<5> 
PROM. PROGRAMMER FOR 1 MHZ SYSTEM (VER E> 


ENTER 2704. SPOS ZEEE: 2116s: 251 e3z 
22716 

TS 2716 PROM? 

=N 


Deak Rep Re ef oii 
DEVICE TYPE= 

2746 

aciadadiia iindadnindniistedaabiadniadaaaell 


ENTER. PROM COMMAND: VERIFY CY), PROGRAMCP>, READCR>, OR CHECK<C> 
- OR MEMORY COMMAND -: ‘VERIFY CF), LORDCL, DUMPCD?, Men FILL(M>, INVERT CID 
Lac 
CHECK 
ENTER FIRST rere 
=1080 
ENTER LAST ADDRESS | 
LPR a 
FROM NOT INLTIALTZED 


GONE 


Rut ego tei itt ep abate feat idee: 
DEVICE TYPE= 
2716 : 
above ot ottobre oty ate ob Ate 


J ENTER PROM COMMAND: VERIFY<V). PROGRAMCP >, READCR).OR CHECKCC> 
. OR MEMORY COMMAND : MERIFYCFD, LOADCL>, DUMP¢D>, MEM FILLCM>. INVERTCI> 


Check Fu netion Example 








LOAD MEMORY WITH OFFSET FUNCTION © 
(THE L COMMAND) 


The Load Memory with Offset. Function. {L), copies data from an 
input abject code ‘file into memory addresses. offset by an 
entered amount from the addresses on the input file. The entered 
offset value is additive with carry from bit. 15 ignored, e.g.: 


Input File Offset Address in 

Address _ . Value. Memory 
$1000 0 “$1000 
$1000 $2000. $3000 
$7000 $A000 . $1000 


$E000- $2000 ‘$1000 


<S> j : 
PROM. PROGRAMMER FOR 1 MHZ SYSTEM SVE => 


ENTER 2704, 2708, 2750, 2716, 2516, 2532 
m2716 

TMS 2716 PROM? 

=N 


Satan trio ROR te RO 
DEVICE TvPE= 

2716 

Adon aulobdok am mR IRR AR io 


ENTER PROM COMMAND : VERIFY<V)» PROGRAMCP?, READCR): OR CHECK<C> 
J OR MEMORY COMMAND: VERTFYCE>, LOADCL>, DUMP «D>, MEM FILL CM, INVERT (1 
ere ( 
LOAD “ 
 OFFSET=Deee INeF -FILE=AINBAS “DEsKe2.. os 
: qe Te 


_ RRR EUR EERO RIRORO IIE 
DEVICE TYPE= 
a7ie - # 
scaletededadaladatadialinindaehidaaiatall 
| ENTER PROM COMMAND : VERIFYEW), PROGRAMCP>. READCR?: OR CHECK¢C> 
OR MEMORY, COMMAND: VERIFY<F>, LOAD CL)» DUMP (D>, (MEM: FILL CM). INVERTCID 





Load Memory with Sissi rincicn Example. 


VERIFY MEMORY WITH OFFSET FUNCTION 
(THE F COMMAND) 


The Verify Memory with Offset Function (F) compares the con- 
‘tents of an object code file with the contents of memory at 

addresses in memory offset by an entered amount from the 

addresses on the reference object code file: The entered offset 

is additive in the same manner as the Load with Offset function. 
The. contents of both memory (MEM) and reference file (FILE) 

are displayed/printed along with the: address (ADDR) if any dif- 
ferences in value are detected. 


Ca> , : 
PROM PROGRAMMER FOR 4 MHZ SYSTEM CVER E> 


ENTER 2784, 2788, 2758. 2716. 2516, 2532 
22746 

TMS 2746 PROM? 

oN 


f dialedlialeatiatantials east sateah eahateaata 
DEVICE TYPE= 

2716 

ape ah a seb oe gfe a ee a 


ENTER PROM COMMAND: VERIFYCV), PROGRAM(P >, READ (R>,OR% CHECK<C) 
OR MEMORY COMMAND: VERTFY<F), LOADCL), DUNPCD), MEM FILLCM), INVERTC I> 
=F 
VERIFY 
OFFSET=0@00 IN=F FILE=AIMBAS DISK=2 
ERROR LIST’ : = 
OUT=L - ADDR/MEN/F ILE 
2008 E@ S@ 2208 4C 52 


Yeni tototenitni riot itot ob ok au 
DEVICE TYPE= 

2716 

Job og odnino qui ono 


ENTER PROM COMMAND: YERIFY<Y>, PROGRAMCP>, READCR. OR CHECK<(C> 
OR MEMORY COMMAND ; _ WERIFYCR), LOAD<CL, DUMP CO), MEM FICL&M>, INVERTCI> 





Verify Memory with Offset Function Example with Errors 
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M65-040 © 


PROM Programmer Module 





DUMP MEMORY WITH OFFSET FUNCTION 
(THE D COMMAND) 


The Dump Memory with Offset Function (D) copies data from 
memory to an output object code file with addresses in the 
output file offset an entered amount from the addresses in 
memory. The entered offset value is additive from the output 
file to memory with carry from bit 15 ignored; e:g.: 


Output File Offset Address in 
Address (FROM =) ‘Value Memory - 
$1000 oO! $1000 © 
$4000 $D000. $1000 
$1000 $8000 $9000 
$A000 $1000 


$B000 


<32 ; 
PROM PROGRAMMER FOR 1 MHZ SYSTEM CVER E> 


ENTER 2784, 2788, 2758, 2716, 2516, 2832 
=2716 

TMS 2746 PROM? 

=n 


eR ate Un rf SORE TCO 
DEVICE TYPE= 

2716 
DE 


ENTER PROM COMMAND: 
: OR MEMORY COMMAND - 
=0 
DUMP 
OFFSET=Dee@ OUT=F 
FROM=4008 TO=47FF 


VERIFY<¥)>. PROGRAMCP>. READCR>, OR CHECK(C>) 
VERIFY<F), CGADC LD. DUMPCD>, MEM FILLCM>, INVERTCI> 


FILE=PRMOUT DISK=2 


MORE?N 
oD bb pbc add bah ea a 
DEVICE TyPEe 
2716 
Fee ke rh ah sl ec ls oe aa 


ENTER PROM COMMAND: VERIFYCV>, PROGRAMCP>, READCRD, OR CHECK(C> 
OR MEMORY COPMAND: VERIFY CF), LOADCL), OUMP(D). MEM FALL CM): INVERTCI> 


Dump Memory with Offset Funetion Example 


MEMORY FILL FUNCTION (THE M COMMAND) 


The Memory Fill Function (M) allows a user selected range of 
‘RAM to be initialized to an entered bit pattern. The desired 
PROM object code can then be loaded. All.unloaded memory 
in the PROM address range will remain initialized with the pre- 
viously filled bit pattern. This allows PROM codes over a total 
PROM address range to be easily verified without invalid data 


errors being indicated due to random bit patterns in. unused - 


addresses. 


Enter the bit pattern.to be loaded in hexadecimal in response 
to the MEM FILL= prompt. The last two digits entered will be 





accepted. Terminate the entry with a carriage return. Then enter , 


the starting and ending addresses in hexadecimal of the RAM 
‘to be filled. Terminate entries with a carriage return. The’ last 
four digits entered will be accepted. 
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-fiage return. The last two digits entered will be accepted. Enter 
the starting and ending addresses as described for the MEM 


7 : 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E) 


eeoee 2704, 2708. 2756, 2716, 2516, 2532 
=27 

rs S16 PROM? 

=N : 


+ ee Rr HLA SRO HUH HM RORHOM 
“DEVICE TYPE= 

2746 : 

ORO MERE HOR OROE OR be i oan Qe Lae 


ENTER PROM COMMAND: VERIFY<¥>, PROGRAM(P>, REROCR), GR CHECK<(C) 

OR MEMORY COMMAND: VERIFYCF).LOADCL>, DUMPCD), MEM FILLCM), INVERTCI> 
= 

M 
MEM FILL=00 
FROM@100@ = TO@13FF 
A A Ae de pe AR 
“DEVICE TVPE= 

2746 | 

aed dae adededee edad 


ENTER “PROM COMMAND : VERLFYC¥>, “PROGRAM CP: READCR>. OR CHECKC 


OR MEMORY EOUEIAND MERIF'Y CE) LOAD SEDs ‘OUMFC D>, MEM FILLCM). INVERTED | 





: 7a Fill Simei Example. 


INVERT MEMORY (THE | COMMAND) 


The Invert Memory Function (|) allows selected bits to be inverted 
within a selected address range. ‘This function allows the con-. 
tents of RAM to be easily one’s complemented if the PROM 
code is to be inverted from the ROM code. 


Enter the bit pattern to be exclusively or'ed with memory. A “1” 
in a bit position will invert the bit value while a “O” will leave the 
bit value unchanged. Enter “FF” to invert all bit values and “00” 
to. invert none of the bit values. Terminate the entry with.a car- 


FILL function. 





<s> z ‘ 
PROM PROGRAMMER FOR 1 MHZ SWSTEM (VER E> 


ENTER 2704, 2708, 2758, 2716, 2516, 2532 | 
2716 

TMS 2716 PROM? 

=N 


Miaihepd aeibabghapilstedadhindainaadaced 
CEVICE TYPE= 

2746 

EERE RNR 


[ENTER PROM COMMAND : VERIFYCY>. PROGRAMCPD. RERDCRD. OR CHECKCC 

‘OR MEMORY COMMAND : VERIFYCF >, LORDCL>. DUMP CD>, MEM FILUCGM>. TNVERTCID 
ae 

INVERT BITS=FF 

FROMe1@0@  TOS13FF 


_ ARR ot bo tut i obra ag ae 
DEVICE~ Tyres 

2716 i 

“AOR bone toto in okeguartUe 


“ENTER -I PROM COMMAND : VERIFY), PROGRAM(P). READCR>. OR, CHECK<C> 
OR MEMORY COMMAND « VERIFYCF >, LOAD<L>, UEP CD), MEM FILLCM>, INVERT 1) 





Invert Bits Function Example 





M65-040 . | PROM Programmer Module 





SPECIFICATIONS 


Parameter 


PROM Devices Supported a 2704, 2708, 2758, Intel 2716 and Texas Instruments 2716 


Programming Time (approximately) 2704—100 sec. 
a 2708—200 sec. 
2758— 60 sec. 
Intel 2716—120 sec. 
T.l. 2716—400 sec. 
2516—120 sec. 
2532—240 sec. 


Power Requirements +5 Vdc + 5% @ 750 ma (fused at 2 amps) 
+12 Vde + 5% @ 50 ma (fused at Y2 amp) 
-12 Vdc + 5% @ 50 ma. 


Fuse Description a ede F1—AGC %2A—250V (Bussman) 
; F2—AGC 2A—250V (Bussman) 
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Rockwell 


M65-045 


Microcomputer Development Systems 


M65-045 


PROM/ROM MODULE 





OVERVIEW 


The M65-045 PROM/ROM Module permits system read only 
memory to be increased by up to 16K bytes. The module pro- 
vides 16 24-pin DiP sockets for accepting industry-standard 
2708, 2716, or 2758 PROM devices, or 2316 or 2332 ROM 
devices. PROMs and ROMs cannot be mixed on the module. 


The PROM/ROM Module's 16K-byte address space is seg- | 


mented into four independent 4K-byte sections. Each 4K-byte 
section is provided with a switch for selecting its base address. 
Further, each socket has an individual enable/disable switch, 
providing resolution down to 1K bytes. 


FEATURES 


System 65 compatible 

16K-byte read only memory capacity 

Accepts 2708, 2716 or 2758 PROM devices 

Accepts 2316 or 2332 ROM devices 

Sockets can be individually enabled/disabled 

Base address is switch-selectable for each 4K-byte address 
space 

Single +5V supply 





M65-045 PROM/ROM Module 


FUNCTIONAL DESCRIPTION. 
The edge connector pin assignments for the PROM/ROM Module 


‘are identical to the motherboard pin assignments given in Sec- 


tion 4 of the System 65 User's Manual {Document No. 
29650N35, Order No. 206). 


The PROM/ROM Module comes with 16 sockets for accepting 


' the following types of memory devices: 


Up to four 2332 ROMs, or 

Up to eight 2316 ROMs, or 

Up to eight 2716 PROMs, or 
Up to 16 2708 or 2758 PROMS 


The address switches on the module are set in accordance with 
the type and number of PROM or ROM devices installed. Each 
socket may also be selected by a switch. Further, each 4K 
address space also has a separate switch for selection of its 
base address. The Chip Select Logic specifies the PROM/ROM 
to be accessed and the address lines from the System bus 
select the memory location. The selected PROM/ROM device 
responds by placing 8 bits of data on the data lines (DO through 
D7) for transfer to the CPU. 


ADDRESS SELECT. 
. f SWITCHES 
86 
| Her [= 
18 PROM/ROM fe 
| SOCKETS 
ENABLE/OISABLE 
SWITCHES 


i 00-07 
‘ CONTROL bse DATA 
QUFFER BUFFER . 


(ig 













A0-A15 


ADDRESS 
F BUFFER 














SYSTEM 65 BUS LINES. 


PROM/ROM Module Functional Block Diagram 





Document No. 29650N47 


Product Description Order No. 211 
Rev. 1, August 1983 








M65-045 


PROM/ROM Module 





SWITCHES AND JUMPERS 


The PROM/ROM Module can accommodate a variety. of stan- 
dard PROM and ROM devices, The user must. configure ‘the 
Module for his specific application, and does. so with various 
switches and jumpers on the Module itself. Be 8S 


The PROM/ROM Module has a total address space of 16K 
bytes, divided into four 4K-byte sections. Each 4K section has 
a separate base address select switch, $3 through S6, which 
must be set to the desired hexadecimal value (0 -F). For 
example, if Switch S3 is set to C, the base address for Sockets 
24, Z5, Z6 and Z7 is $CO000 (where $ indicates hexadecimal). 
Further, each individual socket can be enabled or disabled from 
driving the Data Bus by setting/resetting Switches $1 and $2. 


There is a further restriction for ROMs: Since ROMs have chip 
selects, they will only work in the proper sockets with proper 
base address switch settings. For example, a 2316 ROM with 
CS3=1, CS2=0 and CS1=1 will work only in Socket 222 (see 
Table 4) and with a selected base address value of 2, 6, A 
or E. 


The PROM/ROM Module must also be jumper-configured for 
the device being used. Jumper information is given with switch 
select tables. The function of each jumper is summarized in 
Table 1. 


Table 1. PROM/ROM Board Jumper Functions 








1 
2 
“3 
4 
5 
6 
7 
8 
9 


Jumper Function 


Connects A12 to Pin 18 of all sockets 
Enables 1K address selection — 
Connects +12VDC to Pin 19 of all sockets 
Enables 2K address selection 

Connects A13 to Pin 21. of all sockets 
Connects A10 to Pin 19 of all sockets 
Connects A11 to Pin 21 of ail sockets 
Connects +5VDC to Pin 21 of all sockets 
Connects A11 ta Pin 18 of all sockets 


Connects -SVDC to Pin 21 of all sockets 
Connects GND to Pin 18 of all sockets 
Enables active low chip selects on Sockets Z7, 214, 222 and 229 





Table 2. Switch Settings for 2716 PROM Operation 


Base Address 
{A15, A14, A13, A12} Address A11 


Enable/Disable Switch 








$3 (0-F) : 





S4 (0-F) 


ee 


Note: For 2716 PROMs, add Jumpers 4, 6, 8, 11 and 12. 
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$1-2 
$14 
S16 
$18 


$2-2 
$24 











M65-045 _ . . | aa PROM/ROM Module 


Table,3. Switch Settings for 2708 or 2758 PROM Operations 


Address. 
A11 A10 Enable/Disable Switch 











Base Address 
(ATS, A14, A13, A12) 




















oe 


oer 0/2420 20 70-0 


a= ©O O]le]{]080 
“ 


=O--0 


Note: For 2708 PROMs, add Jumpers 2, 3, 4, 11 and 42 and add Capacitors C6-C9, C14-C17, C21-C24, C29-C32, C37-C40, C45-C48, 
C52-C55 and C59-C62. All capacitors are 0.1 uf. 
For 2758 PROMs, add Jumpers 2, 8, 11 and 12 and jumper left post of Jumper 3 to right post of Jumper 4. 


Table 4. Switch Settings for 2316 ROM Operation 


ROM Chip Selects* 
Base Address Al2 
(A15, A174, A13, A12) c$2 Enable/Disable Switch 





Note: *Assumes CS1=A11, CS2=A12 and CS3=A1 3. For 2316 ROMs, add Jumpers 1, 4, 5 and 6. 
Table 5, Switch Settings for 2332 ROM Operation 
ROM Chip Selects* 


Base Address 
(A15, A14, A13, A12) Enable/Disable Switch 


S3 (0, 4,8, C) 


$6(3,7,8,F) 





INSTALLATION 
Install PROM/ROM Modules in the System 65. chassis or, with 2. Remove the top cover of the System 65. 
appropriate changes, in an Auxiliary Card Cage as follows: 3. Set the switches on the PROM/ROM Module per Tables 2 
through 5. The base memory address are assigned by four 
1. Turn System 65 power off. hexadecimal switches, $3 through S6. Individual sockets are 
enabled/disabled by Switches $1 and S2. 
CAUTION 4. Install the required jumpers per directions given with the 
Never install or remove modules with System 65 power switch table. 
on—it may cause damage to the module and/or to the 5. Install the required PROM or ROM devices in their appro- 
System. priate sockets. 
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M65-045 | ~ PROM/ROM Module 








6. Insert the PROM/ROM Module(s) into any vacant slot(s) in SPECIFICATIONS 


the System 65 chassis. par 


7. Install the top cover of the System 65. 
8. Turn System 65 power on. Memory Capacity 16K bytes 
Word Length 8 bits 


Interface System 65 compatible 

Madule Components 16 24-pin DIP sockets 

Module Dimensions 9.75 in. wide x 6.00 in. high 
Edge Connector 86 pins on 0.156-In. centers 
Operating Temperature O°C to +70°C 

Power Requirements +5 Vde + 5% @ 500 ma. with no 
devices. installed. 


































LOGIC LEVELS T, =0°C to +70°C, V_, = +5V + 5% 


inputs (D0-D7, A0-A15, 
$2, R/W) 


Input Low Voltage 


Input High Voltage 


Outputs (D0-07) . 


Output Low Voltage 


Output High Voltage 








A 


Rockwell 


OVERVIEW 


The M65-060 Extender Card provides easy access to a printed 
circuit module installed in its system enclosure, for signal tracing 
or troubleshooting. In that context, thie Extender Card consists 
of a series of bus lines connecting the Card's standard contact 
edga, on one end, and a connector used for accepting the stan- 
dard contact edge of an 86-pin system module. 


This contact edge and the edge connector pins are connected 
pin-for-pin via the bus lines on the Card. Each of the bus lines 
is provided with a clip-on terminal to allow test equipment to be 
readily connected. With the module under test connected to the 
Extender Card and this assembly installed in the systern’s Aux- 
iliary Card Cage or System 65 chassis, the user is given free 
access to both sides of the module being tested. 


The edge connector pin assignments for the System 65 Moth- 
erboard are given in Section 4 of the System 65 User's Manual 
(Document No. 29650N35). 


SPECIFICATIONS 


Edge Contacts 86 pins on 0.156-in. centers 
Edge Connector _ 86 pins on 0.156-in. centers 


Extender Card Dimensions 9.75. in. wide x 9.00 in. high 
; x 0,062 in. thick’ 























"M65-060 Extender Card 


Document No. 29650N 41 
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M65-060 


Microcomputer Development Systems 


M65-060 


EXTENDER CARD 


INSTALLATION 


The procedure below should be used to install an Extender 
Card in the System 65 chassis or, with appropriate changes, in 
an Auxiliary Card Cage. 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 


3. Remove the desired circuit module from System 65, if 
installed. 


4. Insert the Extender Card into any vacant slot in the System 
65 chassis. 


5. Insert the desired circuit module into the plug on top of the 
Extender Card. 


6. Turn System 6&5 power on. 








Product Description Order No. 210 
Rev. 1, August 1983 









OR 


Rockwell 


OVERVIEW 


The M65-071 Design Prototyping Module allows development 
of custom circuits for installation in either Rockwell’s System 65 
Microcomputer Development System or in user-designed equip- 
ment, via the Auxiliary Card Cage. 


This Module is a System 65-compatible printed circuit module 
with no mounted components, but with prerouted power bus and 
power return lines, Spaced beside the power lines aré ‘plated- 
through holes that: permit -wire-wrap sockets to be installed. 
Additional holes, at the top edge of the module, permit a variety 
of wire-wrap flat ribbon cable connectors to be installed. 


M65-071 


Microcomputer Development Systems 


M65-071 


DESIGN PROTOTYPING MODULE 


The pin assignments -for the Design Prototyping Module's 86- 
pin edge connector are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 User's Manual (Doc- 
ument No. 29650N35; Order No. 206). . . 





M65-071 Design Prototyping Module 





Document No. 29650N45 Product Description Order No. 215 
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M65-071 


INSTALLATION 
Install a Design Prototyping Module in the System 65. ‘or, with 
appropriate changes, in an- Auxiliary Card Cage as follows: 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 


3. Insert the Design Prototyping Module into any vacant slot i in 
the System 65 chassis. 


CAUTION 
Installation of improperly-operating circuits may. cause 
malfunction and/or damage to the System 65. 


4. Install the top cover of the System 65, 
5. Turn System 65 power on. 
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Design Prototyping Module 


SPECIFICATIONS 


Component Mounting Area 
Number of Component Rows . 
Number of Hole Rows 
Vertical Hole Spacing 
Horizontal Hole Spacing 























46 holes on 0.1-in. centers 
35 holes on either 0.3-in. 
or 0.1-in. centers 








Flat Ribbon Connector Mounting 
Area 
Number of Pins 

Per Connector 


“Module Dimensions 7.50 in. high x 9.75 in. wide 
x 0.062 in. thick 


Edge Connector 86 pins on 0.156-in. centers 
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SYSTEM 65 MACRO ASSEMBLER 
& LINKING LOADER 





DESCRIPTION 


The System 65 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the System 65 Development 
System and generates code -for execution by any central pro- 
cessing unit (CPU) in the Rockwell R6500 NMOS micropro- 
cessor, R6500/* NMOS one-chip microcomputer and R65CO0 
CMOS microprocessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 
statements written in symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
one or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions to 
be pre-defined for in-line code inclusion by specifying only the 
macro name. Conditional assembly allows portions of instruc- 
tion sequences or macros to be included in (or excluded from) 
in-line code, The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 
increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 


LINKING LOADER 


The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules by separate software designers and 
integrated by the linking process. This also allows program 
changes to be made to one module without affecting any of the 
other madules—a key requirement in many program validation 
and certification procedures. 


Small programs can still be assembled into absolute executable 


s 


code without using the linking loader, however, to simplify © 


development. 


The assembler/loader operates in conjunction with the ROM- 
resident System 65 Debug Monitor/Text Editor (OS 3.1). 


MACRO ASSEMBLER FEATURES 


e Supports three CPU families 
—R6500 NMOS microprocessor 
—R6500/* NMOS microcomputer 
—R65C00 CMOS microprocessor 
Flexible object code generation 
—Absolute code (executable) 
—Relocatable code (linkable) . . 
Macro definition includes 
—-Multiple parameters 
—Other macros: 
—CPU instructions. 
— Assembler directives 
Macro call includes 
—Macro name 
—Argument list 
Condition assembly 
—IF condition 
—ELSE complementary condition 
—12 conditional operators 
e Symbol cross reference table 

— Lists defined and used symbols 

— Listed in alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

—Load map of module locations 
—Symbolic debug table 

— Symbol table 

e Interactive or command file setup 


ORDERING INFORMATION 


M65-660-3 Macro Assembler and Linking Loader'”’ 
Description 


249 Macro Assembler and Linking Loader User's 
Manual?) 


Notes: 
1. Requires System 65 OS 3.1 ROMs 
2. Included with M65-660-3. 











Document No. 29650N64 
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Macro Assembler & Linking Loader 





Assembler Directives 


Assembly Listing Control 

* TTL Title 
‘Subtitle 
Page 
Skip 
Error 


Source Fite Control 
-END End of Assembly 
-FILE Next File 
ANCL Include 


Data Storage 
-BYTE Initialize byte memory location 
.WORD Generate 16-bit address 
-DBYTE Generate 16-bit data word 
-SBYTE Initialize ASCH string 


Equate 
= Assign value to symbol 


Conditional 
JF Condition 
.ELSE Complementary condition 
.EIF End of conditional 


Macro 
«MACRO . Define Macro 
.ENDM End of macro definition 
-MEXIT End of macro expansion 
.NARG Number of passed arguments 


Linking Loader Directives 


Option Control 
OPT 


.RAD 


Relocation/Linking 


-DEF - 
-REF 
.ZREF 
.PSECT 
IOENT 


Option 


LIST/NOLIST 


GEN/NOGEN 
ERR/NOERR 
SYM/NOSYM 
CREF/NOCREF 
ABS 

REL 

MEM 


TOC/NOTOC 
OBJ/NOOBL . 
MD/NOMD 
ME/NOME 


‘CC/NOCC 


PLEN -. 
LLEN 


FF/NOFF 


CLS = 


Internal definition 


External reference 


Assembly listing 

Object code listing 

Error generation. 

Symbol! generation 
Cross reference generation 
Absolute object code 
Relocatable object code 
Absolute object code to 
memory — 

Table of contents 

Object code generation 
Macro definition — 
Macro expansion 
Conditional list 

Page length 

Line length 

Form feed 

Clear definitions 


Radix 2, 8, 10, or 16 


Zero page reference 


Program section 


Module identification 





ERA Errors destination Origin 


OBJ Object code generation 
MAP Load map generation 
CALS: Symbol table location 
SYM Global symbol table 
‘DEBUG Debug symbol table 


' Section order 
Symbol definition 
Load code specification 
Command file end , 
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SPS-200 


SOFTWARE PREPARATION SYSTEM (SPS) 
PERIPHERAL CONNECTOR MODULE 





INTRODUCTION 


The optional SPS Peripheral Connector Module (PCM) (Part 
No. SPS-200), which connects directly to the AIM 65 Microcom- 
puter Master Module connector, provides the Software Prepara- 
tion System (SPS) with a complete set of external I/O interfaces. 
These I/O interfaces support external printers, serial devices, 
audio cassette 20 mA current loop and parallel I/O devices such 
as the RM 65 board family. 


The external printer interface routes and buffers (TTL levels) the 
printer signals to a Centronics compatible 34-pin connector for 
printer support. 


The AS-232 interface operates at the +5V level. No handshak- 
ing signals are provided, but selectable handshake signals have 
been wired for static levels. Feed throughs are provided to cut 
and jumper these signals. Data Set/Data Terminal operation is 
selected using a jumper pair. 


The 20mA current loop interface routes four 20mA current loop 
signals from the AIM 65 Master Module connector (J1) to a 
dedicated Molex connector to provide current loop I/O support. 


The audio cassette recorder interface signals are routed to two 
mini-phone (3.5 mm) jacks for audio cassette support. The 


remote control lines are controled by reed relays and routed to” 


two sub-mini-phone (2.5 mm) jacks. 


The parallel I/O connector interface supports the 40-pin signals 
routed to the interface by the AIM 65 Master Module User 


» 


VIA (Z22). The parallel interface connector is compatible with 
many of the RM 65 modules, e.g., single Board Computer 
(SBC) and Multi-function Peripheral Interface (MPI), and with the 
AIM 65/40 Microcomputer connector, e.g., User Parallel I/O, 
Display Interface and Printer Interface. : 


FEATURES 


© 34-pin connector for Centronics compatible printer support 
e RS-232 connector for serial interface support 
* Molex connector for 20 mA current loop support 


¢ 3.5 mm mini-phone jack connectors for audio cassette 
support . 


* 2.5 mm sub-mini-phone jack connectors for remote tape 
‘control 


¢ 40-pin parallel /O connector, compatible with the RM 65 
module family 


REFERENCE DOCUMENTS 


The following documents contain information regarding set-up 
and operation of SPS-200. , 


2167 ’ R6500 Software Preparation System (SPS) 
User's Manual 
AIM 65 Microcomputer.User’s Guide 
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EXTERNAL PRINTER INTERFACE 
SPS Module Printer Connector 


Data 6 
Ground 
Data 7 
Ground 
Data 8 
Ground 


Ground 
Data 1 

Ground 
Data 2 
Ground 


Data $ ACK 
Ground 
Data 4 
Ground 
Data 5 
Ground 


Ground 
‘Not Used 
Ground 
Not Used 


OOnODu Ff ODM — 





TOP VIEW 


PINS 18 & 36 ARE NOT CONNECTED 


MATES TO 
EXTERNAL | 
PRINTER 
34 WIRE a 
34 PIN 36 PIN 
socket FUBBON CABLE centRonics 
RECEPTACLE TYPE PLUG ~ 
3M NO. 3414-6000 3M NO. 3366-1001 
OR EQUIVALENT OR EQUIVALENT 
- 6 FEET rey 





Printer Interface Cable (User Supplied) 


Centronics: Type Connector Pin Assignment 


J-8 Data 7 
J-9 Data 8 
J-10 A ACK 
J-11-to -17 Not Used 
J-19 to -29 Ground | 
J-30 to -35 Not Used 
_ J-48 and J-36. 





/ CABLE 

/ .CONNECTOR 
(AMP) 552931-1. 
(OR EQUIVALENT) 


REAR PANEL 
CONNECTOR 





External Printer Connector’ 


| . Not Connected 
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RS-232 INTERFACE 
RS-232.Connector Pin Assignments 


Signal j : t Input/Output 
Mnemonic} ~~ Signal Name. 


Chassis Ground 


Transmit Data 
Receive Data 

Clear to Send! 

Data Set Ready’ 
Signal Ground 

Data Carrier Detected! 
Not Used , 

















‘This can be cut for a No Connect option 





CABLE . 

CONNECTOR 
(AMP) 206771-1 

(OR EQUIVALENT) 


REAR PANEL 
CONNECTOR 
(aM) 3483-1000 


RS-232 Connector Pin Locations | 


20 mA CURRENT LOOP INTERFACE 


20 mA Current Loop Connector Pin Assignments 


TTY KYBD > TTY Keyboard 
| TTY KYBD RETURN (+) |. TTY Keyboard Return (+) 
TTY PTR” “TTY Printer — 

“TTY PTR RETURN: (+) TTY Printer Return (4) 
















KEYBOARD | To TTY 
| RETURN KEYBOARD 


PRINTER | 
RETURN. } TO.TTY PRINTER 





CURRENT LOOP MOLEX NO. 08-50-0114 PINS 


INSIDE ‘NO. 22-01-2041 HOUSING 


CONNECTOR 
a (SIDE VIEW) 





20 ma Current Loop Connector Pin Locations 








SPS-200 





PARALLEL I/O CONNECTOR INTERFACE 


Parailel /O Connector Pin Assignments 


Port B, Control No. 21 
No Connect 
Port B, Control No. 1 
Port B, Bit 7 
. Port B, Bit 6 
Port 8, Bit 5 
Port B, Bit 4 
Port B, Bit 3 
Port B, Bit 2 
Port B, Bit 1 
Port B, Bit 0 
Port A, Bit 7 
Port A, Bit 6 
Port A, Bit 5 
Port A, Bit 4 
Port A, Bit 3 
Port A, Bit 2 
Port A, Bit 1 
Port A, Bit 0 
Port A, Control No. 2 
Port A, Control No. 1 
No Connect 


Note: Even Numbered pins connected to GND. 


*These signals are used by the Printer Interface. 
1 This can be cut/jumpered to +5V. 



































CABLE 
CONNECTOR: 
(3M) 3417-6040 

p>? (OR EQUIVALENT) 
REAR PANEL 
CONNECTOR: 
(3M) 3324-0000 





Parallel I/O Connector Pin Locations 


DATA SET/DATA TERMINAL SETUP 


DATA TERMINAL 
JUMPER POSITIONS 


DATA SET 
JUMPER POSITIONS 
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Peripheral Connector Module 


AUDIO CASSETTE RECORDER INTERFACE 


3.5 MM JACK 


TO TAPE EARPONE 
(TIP IS SIGNAL) 


25 MM JACK 
TO TAPE 1 REMOTE 


EAR/ REM1 MIC REM2 


CONNECTORS 


2.5 MM JACK 
TO TAPE 2 REMOTE 


3.5 MM JACK 


TO TAPE MICROPHONE 
(TIP IS SIGNAL) 


Audio Cassette Recorder Intertace 


WARNING 





This equipment generates, uses and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 
of FCC Rules, which are designed to provide reason- 
able protection against such interference when 
operated in a commercial environment. Operation of 
this equipment in a residential area is likely to cause 
interference in which case the user at his own expense 
will be required to take whatever measures may be 
required to correct the interference. 


INFORMATION TO USER: If this equipment does cause inter- 
ference to radio or television reception which can be 
determined by turning the equipment on and off, the user is 
encouraged to try to correct the interference by one or more 
of the following measures: = 


reorient the receiving antenna 

relocate the computer with respect to the receiver 
move the computer with respect to the receiver 
plug the computer into a different outlet so that the com- 
‘puter and receiver are on different circuits 


If necessary, the user should consult the dealer or an experi- 
enced radio/television technician for additional suggestions. 
The user may find the following booklet prepared by the 
Federal Communications Commission helpful: 


“How to Identify and Resolve Radio and TV 
Interference Problems: 


This booklet is available from the U.S..Government Print- 
ing Office, Washington, D.C.: 20402, Stock Number 
004-000-0345-4. 











Peripheral Connector ‘Module 
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Peripheral Connector Module 
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AIM 65 MICROCOMPUTER FAMILY 
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AIM 65 MICROCOMPUTER FAMILY 
Professional, Hard Working, Low Cost, Blue Collar Microcomputer 


For low cost prototypes or low to medium volume 
production, Rockwell offers an extended family of board 
level ‘‘blue collar’ products, easy to design-in and 
implement: All are built around the R6502 CPU and R6500 
peripherals so that applications using the modules can be 
readily redesigned into devices as volume warrants. And, all 
of the board products are available with a wide range of 
fanguages—Microsoft BASIC, FORTH, PL/65, assembly, 
instant Pascal—for optimum system solutions. 

The. AIM 65 (R6500 based Advanced Interactive _ 
Microcomputer) is an under $500 microcomputer, complete 
with keyboard, display and hard copy printer. It has 
extensive options, many interfaces and expansion 
capabilities. If you’re planning on computerizing a product, 
AIM 65 is designed to do the job. If you're interested in 
designing a system around the R6500 family of devices, 


*AIM 65 Microcomputer isa trademark of the Rockwell international Corp. 





AIM 65 is also a mini-development system at the price of 
most evaluation boards. And, AIM 65 comes with complete 
documentation, making it simple to use. Since it is a “best 
seller’’ widely used in universities and industry, a large 
library of commercially available texts and manuals has 
developed, making it even easier to use. 

In addition to bare board blue-collar versions, the AIM 65 
is available in an enclosure, complete with power supply, for 
use as a desk top computer..Additional memory cartridges — 
are available to plug onto the desk top AIM 65 providing 
additional languages or memory. These can let AIM 65 
function as a test instrument, analyzer or controller. 

Whatever your application, for a learning tool, evaluation 
system or industrial controller, a blue collar AIM 65 
Microcomputer is an economical solution. 


an 


Rockwell 


A65-100, -400 
AIM 65 Microcomputer Family 


A65-100 AND A65-400 
AIM 65 MICROCOMPUTER 





PRODUCT OVERVIEW 


The AIM 65 microcomputer is a complete, assembled micro- 
computer system featuring a 20-column thermal printer, a 20- 
character alphanumeric display, and: a full-size terminal style 
keyboard. On-board memory sockets accept up to 20K bytes 
of PROM/ROM and 4K bytes of static RAM. A user R6522 Ver- 
satile Interface Adapter (VIA) dedicates 16 parallel I/O data lines 
and four handshaking control lines to application usage. The 
address, data, and control lines are also accessible for off-board 
memory, peripheral and I/O expansion. An 8K-byte ROM-resi- 
dent debug moniter and text editor provides immediate inter- 
active operation upon power turn-on. 


With its self-contained printer and display, the AIM 65 mi- 
crocomputer is ideal for educational and industrial desk-top 
applications. The on-board printer, unique to single-board 
microcomputers in its class, make the AIM 65 microcomputer 
a natural for any control and monitor application requiring hard 
copy output—such as equipment performance monitoring, data 
logging, test and evaluation, specialized data acquisition and 
reduction, laboratory measurements and analysis, and untold 
others. 


The interactive monitor simplifies computer program checkout 
with single step functions which trace instruction execution and 
register contents as well as stop execution at specified -break-. 
point addresses. Memory and registers can be examined and 
altered ‘to set up controlled execution conditions and to allow 
detailed analysis of program performance. The text editor allows 
computer program assembly and high level language 'instruc- 
tions dnd data to be easily entered and edited at the source 
core level. 





A65-400 AIM 65 Microcomputer 


FEATURES 


Single Board Computer with on-board RAM, ROM, and I/O 
—Powerful and Popular 6502 CPU 

—Up to 4K bytes of 2114 Static RAM 

—Up to 20K bytes of 2532 PROM or R2332 ROM 
—User-Dedicated Application Parallel /O Interface 


—Low-Cost Audio Cassette Recorder Interface with 2 
Recorder Remote Control Lines 


—20 mA Current Loop Serial Interface 

— Expansion Bus Interface 

20-Column Thermal Printer 

—64 Character ASCII Format 

—120 Lines per Minute 

—5 x 7 Dot Matrix Character Font 

20-Character Display 

—64-Character ASCII Format 

—16-Segment Font 

—High Contrast Monolithic Characters 

Full-Size 54- -key Terminal Style Keyboard 
—26 Alphabetic, 10 Numeric, and 22 Special Characters 
—-9.Control Functions and 3 User-Defined Functions 
ROM-Resident Interactive Debug Monitor — 


—Monitor-Generated Prompts and Single Keystroke Com- 
mands es 


—Single-Step Execution with Tracing and Breakpoints 
—Memory and Register Examine and Alter 
—Mnhemonic Instruction Entry and Disassembly 

Text Editor 

—Line Oriented Commands (Read, Insert, ‘Delete, List) 
—Character String Find. and Change 

Parallet Application Interface 

—-R6522 Versatile Interface. Adapter (VIA) 

—Two 8-bit Parallel Bidirectional Data Ports 

—Two 2-bit Handshake Contro! Ports 

—Two Programmable 16-bit Counter/Timers 

—8-bit Serial Interface 

Optional ROM-Based Languages 

—4K Symbolic Assembler 

—8K BASIC interpreter 

—8K PL/65 Compiler 

—8K FORTH Compiler/Interpreter 

—20K Pascal Compiler/Interpreter (16K Bytes Off-Board) 





Document No. 29000D79 


Data Sheet Order No. D79 
Rev. 1, April 1983 








A65-100, -400 


AIM 65 Microcomputer 





ORDERING INFORMATION 
Description 


AIM 65 with 1K RAM. © 

AIM 65 with 4K RAM 

AIMES with 4K RAM & BASIC Interpreter ROMs 

AIM 65 with 4K RAM, BASIC interpreter ROMs 
& Assembler ROM 

AIM 65 with 4K RAM & FORTH ROMs . 


A65-100 
A65-400 
A65-415 
A65-420 


“| A65-450 . 


Order No. Description 


AIM 65 Microcomputer User's Guide”) 
AIM 65 Monitor Listing’? | 
AIM 65 Reference Card‘ 


AIM 65 Schematic (Wall-Chart)"” 

R6500 Hardware Manual" . 

R6500 Programming Manual" 

R6500 Programming Reference’ Card” 

AIM 65 BASIC Language Reference Manual?) 
AIM 6§ BASIC Reference Card?! 

AiM 65 FORTH User's Manual'?) 

AIM 65 FORTH Reference Card 


. Included with all models. 
; Included with A65-0415 and A65-0420. 
3. Included with A65-0450. 





FUNCTIONAL DESCRIPTION _ 


The AIM 65 microcomputer consists of a Master Module (which 
includes the central processing and .contral circuitry, decoders, 
memory, /O and printer control circuitry), an attached Display 
Module and a separate Keyboard Module. A thermal printer is 
mounted directly on the Master Module while the Display Module 
is mounted on angle brackets which are fastened to the Master 
Module. 


Central Processing and Control 


The R6502 8-bit microprocessor, the central processing unit 
(CPU) of the AIM 65 microcomputer, provides the overall control 
and monitoring of all AIM 65 operations, The R6502 commu- 
nicates with other AIM 65 elements on three separate buses. 
A 16-bit address bus allows the CPU to directly address 65,536 
memory locations. An 8-bit bidirectional data bus carries data 
from the CPU to/from memory and interface devices. The con- 
trol bus carries various timing and contro! signals between 
the CPU and interfacing peripherals, devices, and off-board 
elements. | 


The CPU operates at 1 MHz, which is derived from a 4 MHz 
crystal-controlled oscillator. The 82 system clock and read/write 
control signals are generated by the CPU, and are buffered and 
routed to other devices on-board and to the expansion connector. 


A decoder circuit provides chip select signals to the on-board 
PROM/ROM and RAM sockets and to the I/O devices. 4K-byte 
chip selects are sent to the PROM/ROM sockets ($BXXX- 
$FXXX) while 1K-byte select signals are routed to the RAM 
sockets ($00XX-$XCXX). On-board (/O is also decoded to 1K- 
byte selects (SAOXX-$ACXX). 


A pushbutton switch initiates RESET to the on-board devices 
and to interfacing equipment through the expansion connector. 
Installed terminal posts allow connection to a remote RESET 
switch. The STEP/RUN switch selects program execution in 


either the single-step mode or the run mode. In single- -step 


mode; execution of all instructions. in. the’ address range 0- 
$9FFF can be traced or can be stopped at any of four specified 
breakpoints. The KB/TTY switch selects operation using, the 
AIM 65 keyboard and display or using a,teletypewriter attached 
to the 20 mA current loop interface. 


Memory 


Two 1024 x 4 2114-.static RAM devices are required for each 
1K-byte of installed RAM. Both 1K and 4K versions are avail- 
able. The 1K version may be expanded on-board in 1K incre- 
ments up to 4K using the spare RAM sockets. 


Five PROM/ROM sockets accept installation of the 4K-byte 
R2332 ROM, 2532 PROM, or smaller devices with compatible. 
pinouts,.e.g., 2K-byte 2516 PROM. The AIM 65 microcomputer: 
comes with:two-R2332 ROMs. containing the: Debug Monitor/ 
Text Editor installed at addresses $EQOO-SFFFF. : 


yO. 


The 16: bidirectional data lines and 4 handshake control Jines 
of the user-dedicated A6522 VIA are routed directly to the. 
application connector. The high current capacity of the VIA's 
eight “B” port lines can directly drive many industry- -standard 
devices, such as solid state relays. One of the lines can be used. 
as either a serla! input or output line. 


The audio recorder interface connects to one or two low-cost 
audio cassette recorders. Two remote control lines can control 
two separate recorders independently during read and write 
operations using the AIM 65 blocked audio recording format. 


Peripherals 


The printer prints on heat-sensitive roll paper by means of ten 
thermal elements, mounted on a movable head, each of. which 
can print two 5 x 7 matrix dot characters. The printed characters 
are formed by dot patterns stored in the AIM 65 Monitor/Editor 
ROMs. A motor-driven platen advances the paper after each. 
row of horizontal dots is printed. The motor and thermal element 
driver voltages are derived from an external +24V power supply. 
The printing is controlled by subroutines resident in the Monitor/ 
Editor ROMs. 


The AIM 65 display consists of five four-digit 16-segment 
alphanumeric displays and’ an A6520 Peripheral Interface 
Adapter (PIA) mounted on the Display Module which connects 
to the Master Module through two short. solid-conductor ribbon 
cables. Each display quad contains internal rnemory, decoder, 
and driver circuitry. The display quads interface. with the Master 
Module through the PIA. Data may be serit to the display using 
Monitor ROM subroutines. 


The Keyboard Module connects to the Master’Module by a 
removable 16-conductor flat ribbon cable. The interface is 
through an R6532 RAM, I/O, and Timer (RIOT) device which 
supports the Monitor with the-RAM and timer. The key matrix 
is strobed by eight fines output through the RIOT with the matrix 
returns routed back through eight R6532 input lines. 


A65-100, -400 
OPTIONS 


Optional hardware and accessory items are. available which 
expand the functionality of the AIM 65 Microcomputer. The 
microcomputer can be easily installed in an attractive, profes- 
sional, injection molded plastic enclosure for desk-top applica- 
tions. Plug-in memory cartridges (A65-905 series) connect to 
the AIM 65 enclosure to expand memory in configurations of 
RAM and/or PROM/ROM. System expansion via RM 65 mod- 
ules adds memory, input/output and peripheral (e.g., floppy disk 
and CRT display interface) functions to the on-board AIM 65 
resources. Three different adapters/buffer modules connect the 
AIM 65 Expansion Connector to either one RM 65 module or 
to one of the multl-slot RM 65 motherboards. PROM program- 
ming can be performed using either the AIM 65 PROM Pro- 
grammer or the RM 65 PROM Programmer Module (RM65- 
2901). The latter module has the advantage of being able to be 
used with other AM 65 modules connected to the system, e.g., 
RM 65 FDC module with AIM 65 DOS 1.0 (A65-090) firmware, 
to simplify source and object code handling. 








Optional ROM-based languages support computer program 
development in both R6500 assembly language and high level 
languages. BASIC (by Microsoft) is the most popular microcom- 
puter language used for computation and low speed control 
applications. FORTH is a highly efficient {language in terms of 
memory utilization and execution speed—and also greatly 
shortens program development time. PL/65 provides structured 
control statements and compiles to 6500 assembly language to 
serve as an efficient system implementation language. The AIM 
65 Pascal is a unique implementation of a substantial subset of 
standard Pascal which features interactive statement entry and 
execution with debug features at the source statement level. 


AIM 65 Microcomputer 


OPTION ORDERING INFORMATION 


Accessories 


and Hardware 


A65-002 
A65-003 
A65-004 
A65-006 - 
A65-901 
A65-905 
RM65-7101E 
RM65-7104E 


{| RM65-7116E 


Firmware 
A65-010 
A65-020 
A65-030 
A65-040 
A65-050. 
A65-060 
A65-090 


Software 
A65-024 
AG65-052 


Notes: 


Description 


AIM 65 Enclosure 

AIM 65 Service Test Board 

AIM 65 Power Supply & Cable 

AIM 65 Enclosure and Power Supply 

AIM 65 PROM Programmer 

AIM 65 Memory Cartridge 

RM 65 Single Card Adapter for AIM 65 

RM 65 Adapter/Buffer Module for AIM 65 

AM 65 Cable Driver & Buffer Module for AIM 65 


AIM 65 Assembler ROM 

AIM 65 BASIC Interpreter ROMs 

AIM 65 PL/65 Complier ROMs 

AIM 65 Math Package ROM 

AIM 65 FORTH Interpreter System ROMS 

AIM 65 Instant Pascal ROMs 

AIM Disk Operating System Version 1.0 
(DOS 1.0) ROM!” 


AIM 65 BASIC Compiler’: 2 > 
AIM 65 FORTH Compiler: 23,4) 





1. Requires RM 65 Floppy Disk Controller (FDC) module. 
(RM65-5101NE). . 

2. Requires AIM 65 DOS 1.0 ROM (A65-090). 

3. Provided on 51%” double-density disk: 

4. Requires AIM 65 FORTH Interpreter ROMs (A65-050). 


Expansion Connector Pin Assignments 


Top (Component Side) 


Signal : Input/ 
- Mnemonic Signal Name Output: 


SYNC 
Ready 
Phase 1 Clock 
Interrupt Request 
Set Overflow 
Non-Maskable Interrupt 
Reset 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 
Data Bit 2 
Data Bit 1 
Data Bit 0 
*-12 Vde 
*412 Vde 
Chip Select 8 
Chip Select 9 
Chip Select A 
+5 Vdc 
Ground 





Nw @ we os ww st ow os = oa ; 
COMNI ODOR WN SH OKO MONO MNAWHN = 


NON 
Ny = 


Note: *Not used on AIM 65. 
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Signal 
Mnemonic 


Bottom (Solder Side) 


Signal Name 


Input/ 
Output. 


Address Bit 0 
Address Bit 1 
Address Bit 2 
Address Bit 3 
Address Bit 4 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit 9 
Address Bit 10 
Address Bit 11 
Address Bit 12- 
Address Bit 13 
Address Bit 14 
Address Bit 15 
System Phase 2 Clock 
System Read/Write 
Read/Write “Not” 
Test 

Phase 2 Clock “Not” 
RAM Read/Write 





C0O0DCCODODNDCOOOO00000000 
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AIM 65 Microcomputer 





_ Application Connector Pin peuanients 


! Top (Component Side) 


Signal 
Mnemonic - Signal Name er Wie) 


Ground 

‘Port A Data Bit 3 
Port A Data Bit 2 ; 
Port A Data Bit 1 
Port A Data Bit 4 
Port-A Data Bit § 

| Port A Data Bit6 |; 
Port A Data Bit 7 
Port B. Data Bit 0 
Port B Data Bit.1-- 
Port B Data Bit 2 
Port B Data Bit 3 
Port B. Data Bit 4. 
Port A Data Bit 0 
Port B Data Bit 7 
Port B Data Bit S- 
Port B Data Bit. ; 
Port B Controt Bit 4 
Port B Control Bit 2 - 
Port A Control Bit 1 
Port A: Control. Bit 2 
-12 Vde*" ¢ 


Notes: “Pin 22 junpsredt to -12V through j jumper. 


“™*Pin Z lemperedt to° +24V through jumper. 


oie 


SPECIFICATIONS 


Outside Dimensions* 
Master Modute 
Width 
Depth 
“Height**. © 
Weight 
Keyboard Module 
Width 
Depth 
Height 
Weight. 


Environment ; 
Operating Temperature 
Storage Temperature 
Relative. Humidity 


Power Connector: 


Interface Connector 
J1 (Applicatian) and 
J3 (Expansion) 


J2 (Printer) 
J4 (Keyboard) 
_ J5 (Display) 
Shipping Specifications 
Size (in box} 
Weight {in box) 


Notes: “Reference PAQO-D010. 
**To top of the display. 


| NZX S<cA®RVZZrACIDMMGOOD 


; @2 


; Signal | ~ 
Mnemonic 


+5V 


RW 
TAPE 1B ATN 
TAPE 1B 


. TAPE 2B RTN 


TAPE 2B 


Bottom (Solder Side) 


— Name 


+5V 
NC. 


- CPU Phase 2 ‘Clock 


CPU Read/Write 


Tape 1B Remote Control aaa 
; Tape 1B Remote Control 

Tape 2B Remote Control’ ‘Return. 
Tape 2B Remote Control ' 


“NC 


AUDIO IN 

AUDIO OUT. LO 
+12V ‘ 
AUDIO OUT HIGH 


TTY KYBD RTN (+) 
|) TTY PWR RTN (+) 


TTY KYBD 
TTY PWR 
TAPE 2A 
TAPE 14 


: Audio Ifput Low 


Audio Output Low Level 


| +12. Vde° 
‘Audio Output High Level 
TTY Keyboard Return .- 


TTY Power Return 


TTY Keyboard (Data tn)” 


TTY Power (Oata Out) - 


Tape 2A Remote Control. 
Tape 1A Remote Control... 


NC. 


SERIALIN. _, 
+24V 


| Serial Input 


+24. Vde** | 





41:5:in. (292 mm) 
40.5 in, (267 mm)... 
2.35 in. (60mm) . 
1 Ib. 11 oz. (630 g) 


11.5 in. (292 mm) 


4.0 in, (102 mm) 
1.2 in. {30 mm) 


1 Ib. 3 02. (443 g) 


0° to.50°C 
0° to 70°C 


Power 


20 mA (+) 


20 mA (+) 


| 20.mA (-}- 
. 20 mA(-) - 


0% to 85% (without condensation) 
6-Post Terminal Block 


44-pin edge connector 

(0.156 in. centers), Mates with Viking 
2VH22/1AND5 or equivalent. 

17-pin flexible cable strip connector 
16-pin DIP cannector - 

32-pin strip connector 


13 in, (330 mm) x 143 in. (355 mm) x 7.5 in. (190 mm) 
8 Ib. {3 kg) 








" AG5-100, ee. | | AIM 65 Microcomputer 





ELECTRICAL CHARACTERISTICS 


Power Requirements 


ee ee ee 


+5V +5% Regulated 
1K RAM + 2 ROMs* 
4K RAM + 5 ROMs 
+24V +15% Unregulated 

















Notes: _ 
*For additional RAM and ROM, allow 







Typ Max Units 
1K 2114 RAM (2 devices) 0.160 0.200 A 
4K 2332 ROM (1 device) 0.080 0.120 A 





“*+24V peak current specified as worst case with printer dury cycle of 75%. For most cases, a +24V 2A power supply is sufficient. 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


| 


Input High Voltage 
Input Low Voltage 
Input High ‘Current 
(Ving = 2.4V) 

Input Low Current 
(Vip = 0.4A) 
Output High Voltage 
“oap < 400 A) 
Output Low Voltage 
(oap <-3 mA) 


Output High Current (Sourcing) 
(Voy 22: 4V) 
(Von 7 1.5V, VIA PBO-PB7 only) 


Output Low Current (Sinking) 
(Vor < 0.4V) 





—Industry standard LS TTL. —Industry standard Tri-State LS TTL. 
—lIndustry standard Open Collector LS TTL. | —Industry standard Totem Pole LS TTL. 





A65-100, -400. AIM 65 Microcomputer 











PORTA PORT B 
(10 LINES) (10 LINES) | 
APPLICATION CONNECTOR | | EXEANGION.CONWECTOR 3 









DUAL ‘AUDIO 
CASSETTE 
INTERFACE 


SYSTEM oe 

AG522 VIA: , 5 

PRINTER |. 1 MHz 

INTERFACE clock |. 
20-COLUMN 
ALPHANUMERIC 


THERMAL 
PRINTER 










USER-DEDICATED 
R6522 VIA 


TELETYPE 
INTERFACE 















READ/WAITE 
MEMORY (RAM) 
(1K OR 4K) 













PROM/RAM 
EXPANSION SOCKETS 
se é (UP TO 12K) 














SYSTEM BUS — ADDRESS, DATA, CONTROL 





~ ADVANCED 
R6532 INTERACTIVE 
RAM.-I/0-TIMER MONITOR 
. (BK) 
pray L- 
fi seca o> 





INTERFACE 


| 


20-CHARACTER 
ALPHANUMERIC 
DISPLAY 


KEYBOARD 
- INTERFACE 







54-KEY 
TERMINAL STYLE 





KEYBOARD 


AIM 65 Microcomputer Block Diagram 
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A65-100, -400 


AIM 65 Microcomputer 





MONITOR COMMANDS 
Major Function Entry 


{RESET Button)—Enter and Initialize Monitor 
ESC — Reenter Monitor 

— Enter and Initialize Text Editor 

— Reenter Text Editor 

— Jump to DOOO 

— Jump to BOO0O 

— Jump to BOOS 


oazriam 


Instruction Entry and Disassembly 


! — Enter mnemonic instruction entry mode - 
K — Disassemble memory 


Display/Alter Registers and Memory 


— Alter Program Counter to (address) 

— Alter Accumulator to (byte) 

— Alter X Register to (byte) 

— Alter Y Register to (byte) 

— Alter Processor Status to (byte) 

— Alter Stack Pointer to (byte) 

= Display all registers 

— Display four memory locations, starting at (address) 
PACE) — Display next four memory locations 

— Alter current memory location 


~@BezDHVv<x>y* 


Manipulate Breakpoints 


# — Clear all breakpoints . 

4. —.Toggle breakpoint enable on/off 

B — Set one to four breakpoint addresses 
9? 


-— Display breakpoint addresses 


Control Instruction/Trace 


.G — Execute user's program 
Z — Toggle instruction trace mode onoff. 
V — Toggle register trace mode on/off 
.H — Trace Program Counter history ~ 


Control Peripheral Devices 


— Load. object code into memory. from peripheral VO device 
— Dump object code to peripheral I/O device 

— Toggle Tape 1 contro! on/oft 

— Toggle Tape.2 control on/off 

— Verify tape checksum 

CTRL PRINT — Toggle Printer onoft 

LF — Line Feed ; 

PRINT — Print Display contents 


on-or 


Call User-Defined Functions 


Fi — Call User Function 1 
F2 —- Call User Function 2 
F3 — Call User Function 3 


7-9 


TEXT EDITOR COMMANDS 


R — Read lines into text buffer 

| — Insert line into text buffer 

K — Delete current line of text 
(SPACE) — Display current line of text 


L — List lines of text to peripheral //O device 
U — Move up one line 

D — Move down one lire 

T — Go to top line of text 

B — Go to bottom line of text 

F — Find character string 

C — Change character string 

Q — Quit Text Editor, return to Monitor 


AIM 65 Memory Map 
FFFF : 
AIM 65 


DEBUG MONITOR 
& TEXT EDITOR ROMs 


ON-BOARD 


RESERVED 
res 


OPTIONAL 
. Pascal** | . 
AIM65 
ON-BOARD I/O a ie 
RESERVED**| |: 


OPTIONAL: ff. q 
Pascal® * |p OFF-BOARD: 






USER AVAILABLE 





USER AVAILABLE ** fon 
— : - ’ ~ S ON-BOARD 
6502 STACK. AND : 

_AIM 65, SYSTEM 


PAGE oe 


NOTES: “USER AVAILABLE IF MONITOR/EDITOR IS NBT 


NT USED. 
**USER AVAILABLE IF OPTIONAL LANGUAGE ‘Ss! NOT USED: 

LANGUAGE . PAGE 0 PAGE. 24. 

Assembler: 0-DE~- NOT USED 
” BASIC 0-D6 200-211 
FORTH 0-A4 200 - 300 
PL/€S nS 200 49F 

Pascal , 06-84, FC-FF 200- 3FF™ 

: Monitor /Editor 3 NOT USED 


. DF-FF 


Oe 


Rockwell 


A65-0500 
AIM 65 Microcomputer Family 


A65-0500 


AIM 65 MICROCOMPUTER SYSTEM 





DESCRIPTION 


The AIM 65.500" Series Microcomputer System offers the pop- 
ular AIM 65 Microcomputer, power supply, interconnect wiring, 
switches, and attractive injection molded enclosure—all fully 
connected, assembled, and ready-for operation. Four models, 
pre-configured with varying combinations of ROM-based lan- 
guages, support many different educational, scientific, or indus- 
trial applications. The stylistic, low ‘profile, compact enclosure 
with fine textured, nonreflective ‘brown finish complements 
classroom, industriat, office or laboratory environments. 


All models include a full-size terminal-style keyboard and 20- 
character alphanumeric, display for interactive operator com- 
munications and a 20-column printer for hard copy records. of 


computed results of programs ‘and/or data. Serial interface’ 
and control lines are provided for audio cassette storage of pro- . 


grams and. data files. The microcomputer memory features 4K 
bytes.of RAM and 8K bytes of ROM-resident interactive debug 
monitor and text editor-in-addition to the available languages. 


Most important may be the flexibility afforded by the user- 


dedicated /O port that interfaces-to application sensors, actua- 
tors or peripherals. Built-in /O features include two 8-bit parallel 
handshake and one serial bidirectional data ports. Two 16-bit 
timer/controllers are available for time measurement or event 
counting. Finally, the microcomputer bus is accessible at a con- 
nector for external expansion with the AIM 65 memory cartridge 
system (A65-905-XX), AIM 65 PROM programmer (A65-901) 
or a selection of RM 65 modules such as floppy disk or CRT 
controllers. —- 





AIM 65 Microcomputer System 
ET ales Serene nee) 


Document No. 29001D26 





FEATURES ‘ 


R6502 CPU-based:single board computer 
20-character 16-segment display: 
20-column thermal printer 

Full-size 54-key. terminal-style keyboard 
ROM-resident Debug Monitor/Text Editor 
Parallel application connection 
Expansion bus connection 

Includes power supply, switches and wiring 
Sturdy aluminum base ‘ 
Low-profile injection molded ABS top. cover 


Enclosed, plug-in memory cartridge option. for desk-top 

expansion’ 

e RM 65 peripheral, input/output and memory module expan- 
sion interface’ 

e Fully assembled, tested and warranted. 


ORDERING INFORMATION 


Description. 


A65-0500 AIM 65 Microcomputer System with 4K RAM and 
12K PROM/ROM capacity 

A65-0515 AIM 65 Microcomputer System with 4K RAM, 8K 
BASIC Interpreter ROMs and 4k PROM/ROM 
capacity 

A65-0520 AIM 65 Microcomputer System with 4K RAM, BK. 
BASIC Interpreter ROMs and 4K Assembler ROM 

A65-0550 AIM 65 Microcomputer System with. 4K RAM, 8K 
FORTH ROMs and 4K PROM/ROM capacity 


- ‘ Description — , 


AIM 65 Microcomputer User's Guide" 

AIM 65 Monitor Listing” 

AIM 65 Reference Card"? 

Fi6500 Programming Reference Card‘? 
R6500 Hardware Manual"? 

R6500 Programming Manual“? 

AIM 65 BASIC Language Reference Manual? 
AIM 65 BASIC. Reference Cara‘?! 

AIM 65 FORTH User's Manual'?) 
_AIM 65 FORTH Reference Card‘?) 


Order No. 


ee 

. Inctuded with ail models. 
Included with A65-0515 and A65-0520. 
3. Included with A65-0550. 


Data Sheet Order No. D126 
April 1983 


A65-0500 AIM 65 Microcomputer System 








SPECIFICATIONS 








Characteristics ; — Values 


Dimensions Sy 
Width 13.0 in. {390 mm) 
Depth 15.5 in. (395 mm) 
Height 3.9 in. (100 mm) 


11.69 


Environment 
Operating Temperature 0° to 50°C 
Storage Temperature 0° to 70°C 
Relative Humidity ; 0% to 85% (without condensation) 


Power 
Input voltage 115 Vac + 10%, 47-63 Hz” 
Fuse 115 Vac, 1A 
Power cord 6 ft., 3-conductor cord (125 VAC, 13A rating) with molded vinyl grounding 
plug (NEMA 5-15P) Class B 
Power supply output 5 VDC (3.0A max.) 
24 VDC (0.5 ave., 2.5A peak) 





interface Connector’? 
J1 (Application) and 44-pin edge connector (0.156 in. centers) 
J3 (Expansion) Mates with Viking 2VH22/1AND5 or equivalent 





Notes: 
1. Power supply transformer input connections can be changed for 230 Vac + 10% input voltage. 
2. Refer to Data Sheet Order No. D79 for A65-100, -400 for additional specifications. 
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Rockwell 


A65-002 « A65-006 
‘AIM. 65 Microcomputer Family 


A65-002, A65-006 


AIM 65 MICROCOMPUTER ENCLOSURE 





PRODUCT OVERVIEW 


The AIM 65 Microcomputer Enclosure is an attractive, profes- 
sional housing for the Rockwell AIM 65 Microcomputer. Fea- 
turing low-profile stylistic design, fine-textured, non-reflective 
finish and handsome brown color, the enclosure makes the AIM 
65 Microcomputer a pleasing addition to the office, laboratory, 


classroom and. light industrial environment. The 13 x 15.5 x - 


3.9 inches enclosure occupies minimal desk-top space. 


The enclosure consists ofa sturdy aluminum base and a durable 
injection-molded top cover, The base includes mounting provi- 
‘sions for the power supply, line cord, power switch.and circuit 
breaker. The cover is UL approved flame-retardant ABS mate-. 
rial with metal threaded inserts for firm attachment to the base. 


‘Offered with or without an: internal: power supply, the enclosure 
comes with a rocker-type power on/off switch, a pushbutton 
reset switch, a 6-foot, 115 Vac line cord with 3-prong plug, a 
fuse holder and fuse, and internal wiring for easy assembly to 
the AIM 65 Microcomputer. 


The filtered power supply provides +5V (regulated) at 3A and 
+24V (regulated) at .5A (average)/2.5A (peak). Prewired DC 
power lines terminated with lugs connect directly to the AIM 65 
Microcomputer power terminal strip. The AIM 65 Microcomputer 
system passes the FCC Class B radio frequency interference 
requirements for personal computers when used with the A65- 
.006 Enclosure and power supply. 


An external paper holder and paper feed guide allows easy 
printer paper replacement without top cover removal. A clear 
plastic tear bar with a straight knife edge is permanently attached 
to the top cover for convenient paper tear-off. Rear openings 
permit access to the application and expansion connectors: A 
remote Reset switch installed on the top cover is pre-wired to 
slip-on terminals to mate with external Reset switch posts on 
the AIM 65 Master Module. Removeable plugs allow access to 
the RUN/STEP and TTY/KB switches on the AIM 65 Master 
Module. 


FEATURES 





Attractive, low-profile styling 

_Compact and Portable 

Sturdy aluminum base with integral accessory mounting 
brackets 

Durable injection-molded ABS top cover 

Access holes to Application and Expansion connectors 
—External RESET push-button switch 
—Pluggable access holes to STEP/RUN and TTYIKB switches 
—Clear plastic printer paper tear bar 

All nécessary accessories 

—Rocker-style. power on/off switch 

—Fuse holder 

—Line Cord’ , 

—All assembly hardware’ incided) 


Optional. +5V +24V internal power supply operates from 115/ 
230Vac @ 50/60 Hz 


ty 


a a 


Document No. 29000D80 


Data Sheet Order No. D80 
Rev. 1, March 1983" 





A65-002 and A65-006 AIM 65 Microcomputer Enclosure 
ORDERING INFORMATION 








A65-002 AIM 65 Enclosure (without Power Supply) 
A65-006 AIM 65 Enclosure and Power Supply 





SPECIFICATIONS 
[—Gharacierne [Wate haters 





































Dimensions Accessories (cont.) 
Depth 12.9 in (328.mm) - Power Cord 
Width 15.5 in (394 mm) Type 3-wire/1 8-gauge 


US 3-prong (NEMA 5-15P) 
6 feet 
125V/13A 


Height ¥.9 in ( 99 mm) . Plug 


Weight Heine. 
without Power Supply 
with Power Supply 
Shipping Weight 
without Power Supply 
with Power Supply 










5 lb. 0 oz. (2.24 kg) 
9 Ib. 6 oz. (4.20 kg) Power Supply 


AC Input 






115/230 Vac + 10%, 
47-63 Hz 
(Derate output current 
10% for 50 Hz operation) 








6 Ib. 8 oz. (2.9 kg) 
10 Ib, 14 02. (4.87 kg) 






























































Construction DC Output 1 
Base Material Sheet Aluminum with Voltage Adjustable +5Vde+5% 
Chem-film finish’ (regulated) 
Mounting Brackets Integral Current 3.04 
Covel. . Overvoltage Protection 6.2+0.4Vde 
Material Flame-retardant ABS plastic ; ; 
Forming Injection Molded DC Output 2 
Color Dark Brown Voltage Adjustable + 24Vdc (regulated) 
Finish Non-Reflective, Current 0.54 (average)/2.5A (peak) 


fine textured 













Accessories Short Circuit Protection Automatic current timit/foldback 




















Fuse bag ee S ee Temperature Rating 0° to 50°C full rated output 
ic , 
Derated linearly) to 40%@70°C 
Power On/Off Switch Rocker-style y) “e 


Reset Switch Square Push-button | UL Recognized = | UL Recognized = 
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Rockwell 


DESCRIPTION 


The AIM 65 Service Test Board, in conjunction with the AIM 65 
Microcomputer and AIM 65 Debug Monitor ROMs, performs a 
complete functional test of the microcomputer. This test board 
provides a convenient way to test the AIM 65 microcomputer 
either after repair or during periodic inspection and preventative 
maintenance, The module connects directly to the AIM 65 
Microcomputer Application and Expansion connectors. Power 
is supplied from the AIM 65 Microcomputer eliminating addi- 
tional power connection requirements. 


The ROM-based test program can be initiated immediately: after 


microcomputer power turn-on. Menu type command prompts. 


simplify test selection. Five. separate commands allow test level 
selection appropriate to the test objective. ALL TESTS selection 
performs nine separate tests consecutively to check all micro- 
computer circuits as well. as the application and-expansion inter- 
faces. Once initiated, operation is automatic with operator 
response required only to type keys to test the keyboard and 
to advance testing after printer adjustment. SINGLE TEST. mode 
allows a specific test to be performed—this is especially useful 
when testing a particular device or circuit. CONTINUOUS TEST 
performs a repetitive test of the microcomputer without operator 
intervention—thus supporting burn-in operation and test after 
component replacement. R6532 and 2114 RAM can be selec- 
tively checked with the R6532 RAM and 2114 RAM tests, 
respectively. , 


Test commands and results are displayed and printed. The 
printout provides hardcopy test results for easy inclusion in 
equipment maintenance records. Adjustment of potentiometers 
controlling printer speed, printer dot intensity and audio tape 
circuit gain enables proper and consistent settings. An LED pro- 
vides visual indication of proper audio circuit gain adjustment. 
Mechanical adjustment of printer gear alignment is also 
supported. 


A65-003 » 
AIM 65 Microcomputer Family 


—A65-003 
AIM 65 SERVICE TEST BOARD 


FEATURES 


Performs complete functional test 

No external equipment required 

Provides hardcopy test results 

‘ROM-based 4K-byte test program for immediate operation 
Performs five tests upon command 

—ALL TESTS 

—SINGLE TEST 

—CONTINUOUS TEST 

—A6532 RAM TEST 

—2114 RAM TEST 


Tests nine separate functions in ALL TEST mode or upon 
SINGLE TEST command 


—Chip select logic 

—ROM checksum 

—R6532 and 2114 RAM 

—User R6522 VIA 

— System R6522 VIA 

— Display 

—Printer 

— Switch 

—Keyboard 

Isolates most failures to component level 
Supports calibration of variable adjustments 
—Audio tape circuit gain 

—Printer speed 

—Print intensity 

—Printer dot alignment 

Audio tape circuit gain adjustment LED indicator 


Easy installation—connects directly to AIM 65 Application 
and Expansion connectors 


e No external power required 


, 


ORDERING INFORMATION 


Part No. Description 
A65-003 AIM 65 Service Test Board ; 
Deserion 


2117 AIM 65 Self-Test Module User's Manual 
(Included with A65-003) 














Document No. 29001D24 


Data Sheet Order No. D124 
April 1983 


oa 


A65-003 AIM 65 Service Test Board 











_A65-003 AIM 65 Service Test Module 


fe 
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AIM 65 Microcomputer Family 


A65-004-03 


AIM 65 POWER SUPPLY: AND CABLE 


Rockwell 





: DESCRIPTION 


The AIM 65 Power Supply and Cable.is a-corripact open frame 
DCE power supply \ ‘with output cable for cannection to an AIM 65 


Microcomputer. The power” supply : fits compactly inside: the 


AIM:65 Enclosure (A65-002) to. provide a. complete: table top 
_microcomputer : system. The +5V/3A output provides plenty of 
power for full on-board PROM/ROM. and RAM expansion. The 
+24V/+:5A output lcd Bowe for the AIM. 65 mnigocommuts| 
printer. 





Slip-on ‘terminals on 1 the AC inpist terminal ierig ainpll con-.. 
nection toa wide range..of input power: 110/115/215/230. Vac. 
at 47-63 Hz,<The 3-wire.DC. output : cable, factory connected to - 
the power supply output terminals, can ba. peel, connected to” 








the AIM 65 input: power terminals. 


as 


Both outputs are current, limited to Siavent damage to the power: 
. supply if the outputs are overloaded or accidentally. shorted 


together. Full power is provided from 0° to 50°C. 








FEATURES 


‘@ Dual AC’ input valtage 





—110 or. 115 Vac @ 47-63 Hz or 
—215 or 230 Vac: @ 47-63 Hz 
e Two DC output voltages ; 
.— +5V for AIM’ 65 Microcomputer logic 
—+24V for. AIM 65 Microcomputer: pinta 
e Slip-on input co ecti aS 
© Compact size—fits, in AIM 85 Enclosure ain Gok 
° Meets Fee 7 Giese t RFI ppaulrernenis for personal computers 













Deselption 
A65-004-03 





Pawel ‘Sip and Cable. 7 





A65-004-03 Power Supply 





Document No. 29001D25 


Data Sheet Order No. D125 
April 1983 





A65-004-03 s: Ieee AIM 65 Power Supply and Cable 
SPECIFICATIONS | 


Parameter Value Parameter - Value. © ° 

AC Input 115/230 Vac + 10%, 47-63 Hz Dimensions 

(Derate output current 10% for50 Hf A 6.31 in. (160.3 mm) 
Hz operation) B 4.50 in. (114.3 mm) 
Cc 3.78 in. (96.0 mm) 

DC Output 1 D 1.62 in. (41.3 mm) 
Voltage Adjustable +5 Vdc + 5% (regulated) E 0.45 in. (11.4 mm) 
Current 3.0A F 1.10 in. (27.9 mm) 
Overvoltage Protection 6.2 + 0.4 Vdc G 2.12 in. (53.8 mm) 

H 0.95 in. (24.1 mm) 

DC Output 2 t 1.24 in. (31.5 mm) 
Voltage Adjustable +24 Vdc (regulated) J 3.62 in. (91.9 mm) 
Current 0.5A (average)/2.5A (peak) K 1.20 in. (30.5 mm) 

L 8-32 THD (3) 
Short Circuit Protection Automatic current limit/foldback Output Cable 
; Length 10 in. (254.0 mm) : 
Temperature Rating arc to 50°C full rated output (Derated Type 3-wire jacketed with internal balun 
linearly to 40% @ 70°C) Load Termination Spade lugs 
Routed Outputs +5V, +24V and COM 





F 
“| re AC INPUT TERMINAL DC OUTPUT TERMINAL* 
———~—+24+5COM 





ay 


*SHOWN WITHOUT DC OUTPUT CABLE ATTACHED 


T7417 
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Rockwell 


A65-010 
AIM 65 Microcomputer Family 


A65-010 


AIM 65 ASSEMBLER ROM 





ASSEMBLY LANGUAGE 


An assembler translates microprocessor instructions and data 
statements written in symbolic form {the source program) into 


machine executable code (the object program). The AIM.65- 


Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an qperand (if required) 
and arithmetic operator (if required) into a machine instruction 


consisting of from one to three bytes of memory. Constants 


comprising.one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 
to variables. The assembler operates in two passes. Pass 1 
checks for syntax errors and assigns values to symbols in a 


symbol table. Pass 2 generates the actual machine code and. 


outputs the assembly listing which lists the source code and the 
corresponding machine code. 


The source code is usually entered using the AIM 65 Text Editor 
then assembled to generate the machine code for program 
execution and debugging. Program changes to the source pro- 
gram can easily be edited then the program reassembled to 
generate the new machine code thus eliminating the need for 
the programmer to code and recode the program in machine 
code—a time consuming and laborious process. 


PRODUCT OVERVIEW 


The AIM 65 Assembler is a 4K-byte ROM-resident, two-pass. 


symbolic assembler that plugs into socket Z24 on the AIM 65 
Microcomputer Master Module and operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions written in standard 
assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating 
options are selected interactively by the operator upon assembly 
command. These options specify source code device, object 
code device, symbol table location, full assembly or errors only 
output listing and output listing device. Memory to memory 
assembly is supported for rapid program generation. Compati- 
bility with the AM 65 Floppy Disc Contraller (FDC) module 
(RM65-5101NE) and AIM 65 DOS 1.0 ROM (A65-090) allows 
source code to be input from one or more files on floppy disk 
and object code to be output to a floppy disk file io assemble 
very large programs and to permanently save source and object 
code. 


FEATURES 

e AIM 65 Microcomputer host 

6502 machine code generation 
ROM-resident for immediate operation 
Symbolic linkage —operands and labels 
Interactive assembler operation setup 
Operator selected input device 
—Memory (text buffer) 

—Audio tape 

—TTY 

—User defined 

e Operator selected object code output device. 
—Memory (RAM) 

—Audio tape 

—TTY. 

-—Display/printer 

— Printer 

— User-defined 

Operator selected assembly/error listing output device 
— Display/printer 

— Printer 

— User-defined 

e Assembler directives 

e AIM 65 DOS 1.0 compatible 


MEMORY MAP 


hares fo) 


$D000-$DFFF Assembler Program 
$0-$AC Assembler Variables 






ORDERING INFORMATION 


Description 


209 


AIM 65 User's Guide 
(includes AIM 65 Assembler 
User's Instructions) 








Document No. 29001D12 


Data Sheet Order No. D112 
April 1983 


‘AG5-010 
R6502 CPU INSTRUCTIONS 





AIM 65 Assembler ROM 





Add Memory to Accumulator with Carry , A. Load Accumulator with Memory 
’ LAND Memory with Accumulator ‘ , Load Index X with Memory 
* | Shift Left One Bit (Memory or Accumulator) Load Index Y with Memory 


Branch on Carry Clear Shift Right One Bit (Memory or Accumulator) 
Branch on Carry Set No Operation 

Branch on Result Zero 5 io oat 

Test Bits in Memory with Accumulator OR Memory wan fecumalatey 
Branch on Resutt Minus : Push Accumulator on Stack 
Branch on Result Nol Zero ! Push Processor Status on Stack 
Branch on Result Plus Pull Accumulator from Stack 


Force Break | Pull Processor Status from Stack 


Branch on Overflow Clear d : : 
Branch on Overfiow Set Rotate One Bil Left (Memory or Accumulator) 


Aotate One Bit Right (Memory or Accumulator} 
Clear Carry Flag Return from Interrupt = 
Clear Decimal Mode Return trom Subroutine 
Clear Interrupt Disable Bit 
Clear Overflow Flag 
Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Subtract Memory from Accumulator with Borrow 
. Sat Carry Flag , 
Set Decimal Made 
Set Interrupt Disable Stalus. 
: Store Accumulator in Memory 
Decrement Memory by One Store Index X In Memory 
Decrement Index X by One 1. Store Index Y in Memory 


Decrement Index Y by One Transfer Accumylator to Index X 
Exclusive-OA Memory with Accumulator : Transfer Accumulator to Index :Y 
Transfer Stack Pointer to Index X 
Transter Index X to Accumulator ~ 
Transfer Index X to Stack Pointer 
Transter Index Y to Accumulator 


Incremant Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location ° 
Jump to New Location Saving Retum Address 





Function 
Equate OPT * Listing control option 


Byte constant LIS/NOL Assembly listing generation 
Word constant ‘). GEN/NOG Object code question 
Double-byte constant ERR/NOE Error listing generation 
Page heading / FILE ‘Source coda file linkage 

Skip line JEND : ‘Last statement/first source code file linkage . : 
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Rockwell 


BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point: arithmetic handles. a wide range of numeric values 
(2.93873588E —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
225 and Z26 on the AIM 65 Microcomputer Master Module. AIM 
65 BASIC operates in one of two modes, development and run- 
time. In the development mode; BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry. The 
AIM 65 microcomputer peripherals, i.e., the keyboard, 20-char- 
acter single line display and 20 column printer, are used in the 
development mode to enter statements, to list entered indirect 
statements and to display/print execution results. The AIM 65 
Debug Monitor/Text Editor ROMs must be resident in both the 
run-time and the development mode. 


In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. A short user-provided driver 
program initializes BASIC upon entry from the AIM 65 Monitor 
command level via key depression or execution command (or 
upon power turn-on or RESET if the RESET vector points to the 
application program). 


The AIM 65 BASIC Interpreter ROMs, when installed in the AIM 
65 Microcomputer, support development and checkout of an 
application program written in BASIC that is to be installed in 
an RAM 65 Single Board Computer (SBC) module for run-time 
operation. The developed program, located in PROM or loaded 
from mass storage, will run with RM 65 Run-Time BASIC ROM 


A65-020 
AIM 65 Microcomputer Family 


A65-020 


AIM 65 BASIC INTERPRETER ROMS 


installed in the RM 65 SBC module. in this configuration, all RM 
65 input/output operations must be user-provided and can be 
tested using the AIM 65 Microcomputer prior to being installed 
in the RM 65 environment. 


LANGUAGE FEATURES 


e BASIC is easy to learn 
e Microsoft BASIC is universally accepted 

e BASIC is widely used 

e Supports simple and complex statements 

e Floating point arithmetic functions 

—Add, subtract, multiply, divide 

—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

—Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calis 

Conditional expressions 

User function 


INTERPRETER FEATURES 


AIM 65 Microcomputer host 

ROM resident for immediate operation 

Operates in development and run-time modes 

Fast execution (reference Microsoft 6502 BASIC 
interpretation) 


e Develops programs for execution in AIM 65 Microcomputer 
with AIM 65 BASIC installed or in RM 65 Single Board Com- 
puter (SBC) module based system with RM 65 Run-Time 
BASIC installed 


Executes application program from RAM or PROM 


ORDERING INFORMATION 

Part No. Description 

A65-020 AIM 65 BASIC ROMs 
AM65-0122 ; RM 65 Run-Time BASIC ROM 


AIM 65 BASIC Language Reference Manual" 
AIM 6§ BASIC Reference Card‘ 
RM 65 Run-Time BASIC User's Manual’ 























1. Included with A65-020. 
2. Included with RM65-0122. 
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A65-020 a _ | AIM 65 BASIC Interpreter ROMS 





MEMORY MAP ’ PROM PROGRAMMING 


Address (Hex) Contents ==. ‘le The’ apptication program is easily programmed. into a: PROM: i 

- — = operation in an OEM or end-user environment ‘using the AIM 65. 
Microcomputer connected to either an RM 66 PROM. Pro- 
grammer. module (RM65-2901E) or an AIM: 65 PROM: Pro- 
grammer and CO-ED Module (A65-901). 


$B000-$CFFF | AIM 65 BASIC Program 


_ $200-$20F _ AIM 65 BASIC Variables 
$0-$D6 z _AIM 65 BASIC Variables 





BASIC STATEMENTS 





Program Statements: - “Commands : String Functlons 
DEF FN - CLEAR : ‘ASC 
DIM ‘ CONT CHRS - 
END. -FRE. _ LEFT$ 
FOR LIST LEN 
GOSUB LOAD ‘MIDS 
GOTO . NEW RIGHTS 
IF... GOTO PEEK . STRS 
JF... THEN POKE VAL 
LET RUN ; 
NEXT SAVE Arithmetic Functions 
ON... GOSUB ABS 
ON ...GOTO -Input/Output ATN* 
REM 
RESTORE pall sek 
RETURN : Ger ne 
STOP * INPUT INT 
USR READ LOG 
WAIT PRINT: RND 
_ SPC SIN 
TAB SGN 
», POS SQR' 
. TAN 





*Links.to user-provided function, 
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BASIC LANGUAGE 

BASIC Is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E—39 to 1.70141 183E+38) and provides nine-digit 
accuracy to.most calculations. In addition to addition, subtraction, 
muktiplication and division, a full set of transcendental. functions 
support trigonometric, exponential, square, square’ root, poly- 
nomial and logarithmic operations. . 


PRODUCT OVERVIEW 


The ASM 65 BASIC Compiler, consisting of the BASIC compiler 
and BASIC run-time library, is contained on an AIM 65 diskette. 
The BASIC Compiler, in conjunction with the BASIC run-time 
library, compiles a program written in the BASIC language into 
a 6500 assembly language source file and an optimized run- 
time library file. The BASIC source code file is made up of 
indirect BASIC commands and statements. The two output files, 
assembly source file and optimized run-time file, are then 
assembled using the AIM 65 Assembler to create a BASIC 
abject code file for execution. 


The AIM 65 Text Editor can be used to create and edit the 
application program source code. The AIM 65 peripherals, i.e., 
keyboard, 20-character single-line display and 20-column printer, 
are used to enter and list BASIC statements and to display/print 
execution results. 


The disk-based compiler operates on the AIM 65 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AiM 65 DOS 1.0. The AIM 65 Assembler (Part 
No. A65-010) is required to support the BASIC Compiler on the 
AIM 65 Microcomputer. 


A65-024 
AIM 65 Microcomputer Family 


A65-024 


AIM 65 BASIC COMPILER 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 

—Addq, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 
—Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


COMPILER FEATURES 


Aim 65 Microcomputer host 

Generates standalone object code 

Compiles to 6500 assembly language easing optimization 
Fast execution 


Develops programs for execution in AIM 65 Microcomputer 
without AIM 65 BASIC installed or in RM 65 Single Board 
Computer (SBC) module based system without RM 65 Run- 
Time BASIC installed 


Executes application program from RAM or PROM 


ORDERING INFORMATION 


Part No. Description 
A65-024 AIM 65 BASIC Compiler 
Order No 


2159 AIM 65 BASIC Compiler User's Manual"? 
AIM 65 BASIC Reference Card") 

















N 
q) 
a 


Note: 
1. Included with A65-024. 
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xe5-024 oa eee AIM 65 BASIC Compiler 
MEMORY MAP : | | -PROMPROGRAMMING os 


The application program is easily programmed into a PROM for 

= EE operation in an OEM or end-user ‘environment using the: AIM’65 

$1000-$3C00 AIM 65 BASIC Compiler Microcomputer connected to efther’ an RM 65 ‘PROM Pro- 

$0-SFF _ | AIM'65 BASIC Variables |] grammer module (RM65-2901E) or an AIM. 65 PROM: Pro- 
grammer and CO-ED Module (A65-901). 





BASIC STATEMENTS 
Program Statements Commands String Functions . 
DEF FN PEEK ASC 
DIM ." POKE aa CHR$ 
END an LEFTS 
FOR Input/Output - LEN 
GOSUB ; > MIDS 
GOTO pelle RIGHTS 


IF,..GOTO GET -STRS 


IF... THEN leds VAL: 
LET 


NEXT PRINT 


SPC 
ee is ss 
es POS ATN* 
REM Cos 
RESTORE EXP 
RETURN i 
NT 
STOP 
LOG 
net RND 
WAIT SIN 
SGN 
SQR 
TAN 


: Arithmetic Functions 





_ “Links to user-provided function. 
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PL/65 LANGUAGE 


PL/65 is a high level language developed for the R6500 family 
-of microprocessors. Resembling PL/I and Algol in general form, 
PL/65 combines high level language attributes with the power 
and flexibility of assembly language for efficient generation of 
time-critical and system implementation software. High level 
constructs speed program development and eliminate machine 
coding errors by the use of compilér generated algorithms. All 
language features are aimed at improving the productivity of the 
‘systems programmer by simplifying the writing of computer pro- 
grams normally written in assembly language. 


PRODUCT OVERVIEW 


The AIM 65 PL/65. Compiler is contained in two 4K-byte ROMs 
that plug into sockets Z25 and Z26 on the. AIM 65 Microcom- 
puter Master Module. The compiler operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. Source code 
‘written in PL/65 is compiled into assembly language instructions 
rather than 6502 CPU machine code to allow program enhance- 
ment at the assembly level, if needed, and to avoid symbol 
manipulation in the compiler. Drop down capability allows 
assembly language to be incorporated in-line in the source 
code, however. The generated assembly language may then be 


assembled on the AIM 65 Microcomputer using the AIM 65. 


Assembler ROM. 


Compatibility with the RM 65 Floppy Disk Controller (FDC) 
module and AIM 65 DOS 1.0 firmware allows efficient mass 
storage and file handling of source code written in PL/65, the 
PL/65 compiler generated assembly language and the assem- 
bled machine code—especially for large programs. The com- 
piler inputs source code from the AIM 65 Text Editor, audio tape, 
TTY or user-defined devices and outputs assembly code to dis- 
play/printer, memory, audio tape, TTY or user defined devices. 
The floppy disk interface is implemented through the user-defined 
functions via DOS 1.0 firmware. 


PL/65 compilers have also been implemented on the AIM 
65/40 Microcomputer and the System 65 Development system 
to allow programs written in PL/65 to be transported between 
these systems. AIM 65 and AIM 65/40 PL/65 is a subset of the 
System 65 PL/65. 


A65-030 
AIM 65 Microcomputer Family 


A65-030 | 


AIM 65 PL/65 COMPILER ROMS 


FEATURES 


AIM 65 Microcomputer host and target 

ROM resident for immediate operation 

Resembles PL/I and Algol 

Increases program productivity and efficiency - 

Improves program reliability 

Reduces programming errors 

Drops down to assembly language by block or single instruc- 

tion for optimal code efficiency 

e Includes contro! structures for conditional branching and iter- 
ative looping 

e Supports structured programming and self-documentation 

e Encourages modular program design 

e Compatible with AM 65 FOC module and AIM 65: DOS 1.0. 


MEMORY MAP 


paras en 


$8000-SCFFF | PL/65 Compiler Program 
$0200-$049F | PL/65 Compiler Variables (Compilation Only) 
$0-$4 PL/65 Compiler Variables (Compilation and 

Runtime) 




















ORDERING INFORMATION 


Part No. Description 


A65-030 AIM 65 PL/65 Compiler ROMs 
A65-010 AIM 65 Assembler ROM!) 


Order No. 





257 AIM 65 PL/65 Compiler User's Manual” 


NOTES: 

1. Included with A65-030. 

2. User's instructions included in AIM 65 User's Guide 
(Order No. 209). 
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PL/65 LANGUAGE STATEMENTS 


Specification 


ENTRY 
EXIT 
TFILE 
DFILE 
Declaration 
Conditional Execution DECLARE 


IF-THEN-ELSE DEFINE 
DATA 
Branching 
Assignment 


Direct Single Byte Move 
Indirect Single Byte Move 
Direct Multiple Byte Move 
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Imperative 
SHIFT 
ROTATE 
ASSEMBLY CODE 
ING 
INCW 
- DEC 
DECW 
STACK 
UNSTACK 


Looping 


FOR-TO-BY 
WHILE 


Miscellaneous 


Comment 
Tab 





Ay 
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FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the AIM 65 
Math Package, a number is.represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from —127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to ‘1”. Operating on floating point numbers 


alleviates programming difficulty and additional development . 


time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183E+38 can be handled in the 
AIM 65 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 


PRODUCT OVERVIEW 


The AIM 65 Math Package contains a full complement of floating 
point arithmetic, conversion, trigonometric, utility and other tran- 
scendental functions as user callable-subroutines in a 4K-byte 
ROM. Programmed in 6502 machine language for fast execu- 
tion, these functions support calculation intensive applications. 
These functions are host computer independent and may be 
installed in any 6502 CPU based microcomputer supporting the 
memory map requirements. The math package is located at 
$D000-$DFFF to allow direct installation in an AIM 65 Micro- 
computer, an RM 65 Single Board Computer (SBC) module or 
in an RM 65 PROM/ROM module. 


In addition to the machine language interface, direct linkage to 
AIM 65 FORTH and RM 68 Run-Time FORTH provides floating 
point processing in the FORTH lanquage. When installed in an 
AIM 65 Microcomputer with AIM 65 FORTH also installed, the 
floating point words can be automatically linked to the FORTH 
vocabulary during FORTH initialization. Application programs 
written in FORTH can thus be both developed and executed on 
the AIM 65 Microcomputer. For OEM or end user installation in 
an RM 65 system with user-provided input/output functions, 
such programs can be developed on an AIM 65 Microcomputer 
then transferred to an RM 65 SBC based system with RM 65 
Run-Time FORTH installed for execution in the RM 65 
environment. 


Document No. 29001D06 
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FEATURES 


e Floating point arithmetic 
—Addition and subtraction 
—Multiplication and division 
Integer arithmetic 
—Multiplication 
—Division 
Comparison (<, =, >) 
e Trigonometric 
—Sine and cosine 
—Tangent and arctangent 
e Conversion 
——Degrees to radians 
—Radians to degrees 
e Polynomials 
—Consecutive power 
—Odd power 
e Logarithmic 
—Natural log 
—Common log 
Square root, power, exponential 
Absolute value, integer and floating point sign, greatest integer 
6502 CPU machine instruction linkage 
Host computer independent 
AIM 65 FORTH and RM 65 Run-time FORTH compatible 
4K-byte ROM based 
Nine digit accuracy 
Wide range (2.93873588E —39 to 1.70141183E +38) 


ORDERING INFORMATION 


Description 


AIM 65 Math Package ROM 
AIM 65 FORTH ROMs 
RM 65 Run-Time FORTH ROMs 


A65-040 
A65-050 
RM65-0152 


2118 
265 
812 


Notes: 

1. Included with A65-040. 

2. Included with A65-050. 

3. Included with RM65-0152. 


AIM 65 Math Package User's Manual") 
AIM 65 FORTH User's Manual’? 
RM 65 Run-Time FORTH User's Manual'*) 
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A65-040 AIM 65 Math Package ROM 








MEMORY MAP 


Adress Gon) 


$D000-$DFFF AIM 65 Math Package Program 
$AB-$C4 AIM 65 Math Package Variables 
$25C-$27E AIM 65 Math Package Varlables 





MATH PACKAGE FUNCTIONS 





Assembly Assembly 

Language FORTH Language FORTH 

Label Word Function Label Word Function 

INIT Initialize Math Package SIN ‘| SIN Sine 

FADDT F+ Floating Point Add cos cos Cosine 

FADD Floating Point Add (Memory) TAN TAN Tangent 

FSUBT F- Floating Point Subtract ARCTAN ARCTAN Arc Tangent 

FSUB Floating Point Subtract (Memory) DEGRE DEGREES . Convert Radians to Degrees 

FMULTT |. F Floating Point Multiply RADS RADIANS Convert Degrees to Radians 

FMULT Floating Point Multiply (Memory) POLYX POLYODD Odd Exponent Polynomial 

FDIVT F/ Floating Point Divide POLY POLY Consecutive Exponent Polynomial 

FDIV Floating Point Divide (Memory) MOVFM M>F Move Number from Memory to FAC 

IMULT integer Multiply MOVMF F>M Move Number from FAC to Memory 

IDIVID Integer Divide MOVFA Move Number from ARG to FAC 

FTOD ; ‘Convert Floating Point to Integer MOVAF Move Number from FAC to ARG 

DTOF Convert Integer to Floating Point CONUPK M>A Move Number from Memary to ARG 

NEGFAC Negaite Floating Point Number S>A Move Number from Stack to ARG 

ABS FABS Absolute Value of Floating Point S>F Move Number from Stack to FAC 
Number F>S Move Number from FAC to Stack 

INT INT Truncate Floating Point Number FIN FIN Convert ASCIi to Floating Point 

SGN SGN Sign of FAC to FAC FOUT FOUT Convert Floating Point to ASCII 

SIGN FSIGN | — Sign of FAC to ARG MINLN MIN-WIDTH =| FOUT Minimum Field Width Variable 

FCOMP FCOMP Compare Floating Point Number DECLN DEC-LENGTH | FOUT No. of Places to the Right of the 

SQR SQR Square Aoot ° Decimal Point Variable 

FPWRT t Raise to a Power 

EXP EXP Exponential 

LOG10 LOG Common Log 

LOG LN Natural Log 
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A65-050 
AIM 65 Microcomputer Family 


A65-050 


AIM 65 FORTH ROMS 





FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO... LOOP, BEGIN... END, IF... THEN and IF... ELSE 

. THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data i in 
hexadecimal, octal, binary or any other number-base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine fevel linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


AIM 65 Microcomputer host and target 
ROM resident for immediate operation 
Application oriented 

Extensible language 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 





PRODUCT OVERVIEW 


AIM 65 FORTH, consisting of primitives, interpreter, macro 
assembler and input/output functions, is contained in two 4K- 
byte ROMs that plug into the AIM 65 Microcomputer Master 
Module sockets Z25 and Z26. FORTH functions are linked 
to AIM 65 Debug Monitor and Text Editor ROMs providing 
access to the AIM 65 peripherals (keyboard, single-line display 
and 20 column printer) as well as user-defined input/output 
functions. Both interactive and batch modes of operation are 
supported. Interactive operation interprets FORTH words upon 
entry for immediate execution and debugging or for compilation. 


-In the batch mode, FORTH words can be entered into the Text 


Buffer then input to FORTH for interpretation. The batch.mode 
allows an application program to be easily edited using Text 
Editor commands. Application programs written in FORTH can 
thus be developed, as well as executed for checkout or pro- 
duction operation, on the AIM 65 Microcomputer. 


AIM 65 FORTH ROMs, when installed in an AiM 65 Microcom- 
puter, can also be used to develop and checkout an application 
program written in FORTH that is to be installed in an RM 65 
Single Board Computer (SBC) module for runtime operation. 
The developed program will run with RM 65 Run-Time FORTH 
ROMs installed in the RM 65 SBC module. In this configuration, 
all RM 65 input/output operations must be user-provided and 
can be tested using the AIM 65 Microcomputer as the host com- 
puter prior to being installed in the RM 65 environment. . 


ORDERING INFORMATION 


Description 


A65-050 AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 
RM65-0152 RM 65 Run-Time FORTH ROM 


AIM 65 FORTH User's Manual‘) 


AIM 65 FORTH Reference Card": 2 
AIM 65 Math Package User’s Manual’? 
RM 65 Run-Time FORTH User's Manual!? 


NOTES: 

1. Included with.A65-050. 

2. Included with A65-040, 

3. Included with RM65-0152. 
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AIM 65 FORTH ROMs 


DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are linked together to form a “dictionary,” which 
is the central core of the language. Writing a program in 
FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled or 
recompiled. 


FORTH is a stack-oriented tangquage, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 


to tie up memory locations with variable tables, and allows. 


you to use only as much memory as you need. 


FORTH programs are developed using “top-down/bottom- 
up” techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is a stand-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program in the’ system. This type of software 


development is difficult, if not impossible, to do with HOR 


other high-level languages. 


FLOATING POINT FUNCTIONS 


AIM 65 FORTH contains both a single- (16-bit) and double- 
(32-bit) precision integer arithmetic capability. In AIM 65 
applications where floating point arithmetic is desired, the 
AIM 65 Math Package may be used in conjunction. with the 
FORTH ROMs. These floating point functions may be called 
using FORTH words included iri the math package ROM. 
When this ROM is installed in socket Z24 on the AIM 65 
Microcomputer, the floating point math words can be auto- 
matically linked to the FORTH dictionary during FORTH 
initialization. The AIM 65 Math Package ROM can also be 
installed in either an RM 65 SBC or PROM/ROM module. 


MEMORY MAP 


Address (Hex) 


$D000-$DFFF 
$B000-$CFFF 
$280-S2FF 


Math Package Program 
FORTH Program 
Terminal Input Suffer 
Math Package Variables 
FORTH User Variables 
Math Package Variables 
FORTH Variables 


$25C-$27F 
$200-$257 
$AB-$C4 
$10-$AA 





FORTH WORDS 


STACK MANIPULATION 


DUP 
2DUP 
DROP 
2DROP 
SWAP 
OVER 
ROT 

- DUP 
>R 
R> 

R 
PICK 
SP@ 
RP@ 
BOUNDS 


S 


DEFINING WORDS 


<name> 


VARIABLE <namd> 


CONSTANT <name> 


CODE <name> 


Duplicate top of stack. 
Duplicate top two:stack items. 
Delete top of stack: 

Delete top two stack ifems. 
Exchange top:two stack items. 


- Copy second item to top. 


Rotate third item on top. 

Duplicate only if non-zero 

Move top item to return stack. 

Retrieve item from return stack. 

Copy top of return stack onto stack. 

Copy the nth item to top. 

Return address of stack position 

Return address of return stack pointer. 

Convert “address count” to “end- 
address start-address.” 

Print contents of stack. 


Begin colon definition of <name>. 

End colon definition. 

Create a variable <name> with initial 
value n; returns address when 
executed. 

Create a constant <name> with value 
n; returns value when executed. 

Begin definition of assembly-ianguage 
primitive operation <name>. 


;CODE Used to create a new defining word, 

with execution-time “cade routine” for 
— this data type in assembly. 

<BUILDS ... DOES> Used to create a new defining word, 
with execution-time routine for this 
data type in higher-level FORTH. 

USER Create a user variable. 

MEMORY 

@ Fetch value addressed by top of stack. 

! Store.ni at address n2. 

c@ Fetch one byte only. 

Cc! Store one byte only. 

? Print contents of address. 

+! Add second number on stack to 

_ contents of address on top. 

CMOVE . Move n3 bytes starting at address n1 to 
area starting at address n2. 

FILL Put byte n3 into n2 bytes starting at 
address n1.. 

ERASE Filt n2 bytes in memory with zeroes, 
beginning at address n1. 

BLANKS - Fill n2 bytes in memory with blanks, 
beginning at address n1. 

TOGGLE Mask memory with bit pattern. 

NUMERIC REPRESENTATION 

DECIMAL Set decimal base. 

HEX Set hexadecimal base. 

BASE Set number base. 

DIGIT Convert ASCIl to binary. 

0 The number zero. 

1 The number one. 

2 The number two. 

3 The number three. 
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FORTH WORDS (CONT’D) 
ARITHMETIC AND LOGICAL 


NEGATE 


Add, | 

Add double-precision numbers. 

Subtract (nt - n2), 

Multiply. : 

Divide (n1/n2). 

Modulo (l.e., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, then divide (n1-n2/n3), with 
‘double intermediate. 

Like -/(MOD, but give quotient only. 

Unsigned multiply. teaving double 
product. ' 

Unsigned divide. 


-Signed multiplication leaving double 


product. . 

Signed remainder and quotient trom 
double dividend. 

Unsigned divide leaving double quotient 
and remainder tram double dividend 
and single divisor. 

Maximum. 


- Minimum: 


Set sign. 

Set sign of double-pracision number. 

Absolute value.” 

Absolute value of double-precision 
“number. sigs or 

Change sign. 

Change sign of double-precision 
number. 

Sign extend to double-precision 
number. 

Increment value on top of stack by 1. 

Incrernent value on top of stack-by 2. 

Decrement value on top of stack by 1. 

Decrement value on top of stack by 2. 

Logical AND (bitwise). 

Logical OR (bitwise) 

Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


< 
> 


o< 
o= 
U< 
NOT 


True ifn less than n2. 

True if nt greater than n2. 

True if top two numbers are equal. 
True if top number negative. 

True If top number Zero. 

True if ui less than u2. 

Same as 0=. 


MISCELLANEOUS AND SYSTEM . 


(<comment>) 


CFA 
NFA 
PFA 
LFA 
LIMIT 
QUIT 


Begin comment (terminate by right 
parentheses on same line). 

Alter PFA to CFA. 

Alter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. 


7-30 


CONTROL STRUCTURES 


DO... LOOP 
DO... +LOOP 


J 
LEAVE 


BEGIN ... UNTIL 
BEGIN ... WHILE 
... REPEAT 


BEGIN .; . AGAIN 
IF... THEN 


IF... ELSE... THEN 


END 
ENDIF 


Set up loop, given index range. 

Like DO... LOOP, but adds stack 
value to index. 

Place current.index value on stack. 

Terminate loop at next LOOP or 
+LOOP. 7 

Loop back to BEGIN until true at 
UNTIL. = 


-Loop while true at WHILE, REPEAT 


loops unconditionally to BEGIN. 
Unconditional loop. 
It top of stack true, execute following 
clause THEN continue; otherwise 
continue at THEN. 


If top of stack true, execute ELSE 
clause THEN continue; otherwise 
execute following clause, THEN 
continue. 


“Alias for UNTIL. 


Alias for THEN. 


COMPILER-TEXT INTERPRETER 


[COMPILE] 
COMPILE 


LITERAL . 


DLITERAL | 


EXECUTE 
ae 
] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 
TASK 
-FIND | 
DP 

C, 


PAD 


‘IMMEDIATE 


INTERPRET 
LATEST 


LIT. 
CLIT 
LITERAL 
SMUDGE 
STATE 


Force compilation of IMMEDIATE word. 
Compile following <name> into 
dictionary. 
Compile a number into. a literal.. - 
Compile a double-precision number into 
a literal, - i. 
Execute the definition on top of stack. 
Suspend compilation, eriter execution. 
Resume compilation. 


Create a dictionary header. 

FORGET all definitions from <name> 
on. 

Returns address of next unused byte in 
the dictionary. 

Leave a gap of n bytes in the 
dictionary. 

A dictionary marker. 

Find the address of <name> in the 
dictionary. 

Search dictionary for <name>. 

User variable containing the dictionary 

“pointer. 
Store byte into dictionary. 


‘ Compile a number into the dictionary. 


Pointer to temporary buffer. 

Force execution when complling. 

The Text interpreter executes or 
compiles. 

Leave name field address (NFA) of top - 
word in CURRENT. , 

Place 16-bit literal on the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing compilation 
state. 
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FORTH WORDS (CONT'D) 


USER VARIABLES 


UABORT 
UB/BUF 
UB/SCR 
UC/L 
UEMIT 
UFIRST 
UKEY 
ULIMIT 


MONITOR & CASSETTE 


SOURCE 
FINIS 


INPUT-OUTPUT 


SPACES 


? TERMINAL 
KEY 

EMIT 
EXPECT 


WORD 


IN. 
BAUD 
BL 
CiL. 
TIB 


QUERY 
ID. 


HANG 


OUTPUT FORMATTING 


NUMBER 


<# 


Usar variable for ABORT. 
User variable for B/BUF. 
User variable for B/SCR. 


User varlable for C/L. 


User variable for EMIT. 
User variable for FIRST. 
User variable for KEY, 
User varlable for LIMIT. 


0 


AIM 65 FORTH.cold start. 

Exit to AIM 65 Monitor. 

Switch; true = TTY; false = KB 

Chain tape file. 

Close tape file. 

Set to active input device (AID). 

Set to active output device (AOD). 

Input a character from the AID. 

Output a character to the AOD. 

Input n2 characters from AID to 
address n1. 

Output n2 characters to AOD at 
address nt. 

Compile from the AID. 

Terminate complete from SOURCE. 


‘Output CR to printer only. 

Carriage return. 

Type one space. 

Type n spaces. 

Output a CTAL B. 

Print text string (terminated by ”). 

Dump n2 words starting at address. 

Type string of nt characters starting at 
address n2. 

True if termina! break request present. 

Read key, put ASCII value on stack. 

Output ASCII value from’ stack. 


Read ni characters from input to 


address n2. 

Read one word from input stream, uniil 
delimiter. 

User variable contained within TIB. 

Set BAUD rate. 

Output a SPACE character. 

Number of characters/line. 

Pointer to terminal input buffer start 
address. 

Input text from terminal. 

Print <name> from name # field 
address (nfa), 

Wait for keystroke. 


Convert string at address to doubie- 
precision number. 
Start output string. 
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OUTPUT FORMATTING (CONT’D) 

# Convert next digit of double-precision 
number and add character to output 
string. 

#¥S Convert all significant digits of double- 
precision number to output string. 

SIGN Insert sign of n into output string. 

#> Terminate output string (ready for 
TYPE). - 

HOLD insert ASCII character into output 

string. 

HDL Hold pointer, user variable. 

- TRAILING Suppress trailing blanks. 

LINE Display line of text from mass storage. 

COUNT ‘ Changs length of byte string to type 
form. . 

Print number on top of stack. 

iB Print number n1 right justified n2 
places. . 

D. Print doubie-precision number n2 n2. 

D.A Print double-precision number n2 1 
right justifiad n3 places. ; : 

DBPL Number of digits to the right of decimal 
point. 

VOCABULARIES 

CONTEXT Returns address of pointer to 
CONTEXT vocabulary. 

CURRENT Returns address. of pointer to 

: CURRENT vocabulary. 

FORTH. Main FORTH vocabulary. 

ASSEMBLER Assembler vocabulary. 

DEFINITIONS Set CURRENT vocabulary to 
CONTEXT. 

VOCABULARY <name> Create new vocabulary. 

VUST Print names of all words in CONTEXT 
vocabulary. 

VOC-LINK Most recently defined vocabulary. 

VIRTUAL STORAGE 

LOAD Load mass storage screen (compile or 
execute). 

BLOCK Read. mass storage block to memory 
address. 

B/BUF System constant giving mass storage 
block size in bytes. 

B/SCR Number of blocks/editing screen. 

BLK System variable containing current 
block number. 

SCR System variable containing current 
screen number. 

UPDATE Mark last buffer accessed as updated. 

FLUSH Write all updated buffers to mass 


EMPTY-BUFFERS 
+BUF 

BUFFER | 

RW 

USE 


PREV 


FIRST 
OFFSET 


--> 
iS 


storage. 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User fead write linkage. 

Variable containing address of next 
buffer. 


Variable containing address of latest 


_ buffer. 


Leaves address of first block buffer. 


User variable block offset to mass 
storage. 

interpret next screen.. 

Stop interpretation. 
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FORTH WORDS (CONT’D) 


PRIMITIVES 

OBRANCH Run-time conditional branch. 

BRANCH Run-time unconditional branch. 
ENCLOSE Text scanning primitive used by WORD. 
RO Location of Return Stack. : 

SO Location of Parameter Stack. 

RP! Initialize Return Stack. 

SP! Initialize Parameter Stack, 

NEXT The FORTH virtual machine. 


AIM 65 FORTH ROMs 


SECURITY 

ICSP Store stack position in check stack 
pointer. 

?COMP Error if not compiling. 

?CSP Check stack position. 

?ERROR Output error message. 

EXEC Not executing error. 

2PAIRS Conditional not paired error. 

ISTACK Stack out of bounds error. 

ABORT Error; operation terminates. 

ERROR Execute error notification and restart 
system. 

MESSAGE Displays message. 

WARNING Pointer to message. routine. 

FENCE Prevents forgetting below this point. 

WIDTH Controls significant characters of 


<name>. 





MATH PACKAGE FORTH WORDS (A65-040)* 


FLOATING POINT ARITHMETIC 


F+ Adds two floating point gumbers. 

F- Subtracts one floating point number 
from another floating point number. 

Ft - Multiplies two floating point numbers. : 

F/ Divides one floating point number by 


another. floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the. absolute vaiue of a floating 
point number. 

INT Truncates a floating point number to an 
integer. 

SGN Converts the sign of a floating point 
number to a floating point number. 

FSIGN Gets a value corresponding to the sign 
of a floating point number, . 

FCOMP Compares the value of a compacted 
number in memory to a floating point 
_humber. 

POLYNOMIAL 

POLY Evaluates a polynomial with 
consecutive exponents. 

POLYODD Evaluates a polynomial with odd 


exponents. 


EXPONENTIAL AND LOGARITHMIC 


Takes the square root of a floating point 
number. - 

> Raises one floating point number to the 
power of another floating point 
number. 

Raises the transcendantat number e to 
the power of a floating point number. 

Computes the iogarithm to the base 10 
{i.@., common log) of a floating polnt 
number. yy od 

LN Computes the logarithm to the base e 

{i.e., natural log) of a floating point 

number. 


"Requires AIM 65 FORTH or RM 65 FORTH be resident. 
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USEA VARIABLE 


MIN-WIDTH . Specifies the minimum field width to be 
output. 
DEC-LENGTH Specifies the number of places to the 


right of the decimal point ta be 
output. 


ASCII/FLOATING POINT CONVERSIONS 


FIN Converts a number in memory from 
ASCil to floating point format. 

Converts a number from floating point 
to ASCII. 


FOUT 


FORMAT CONVERSION AND DATA MOVING 


M>F Unpacks the compacted number in 
memory to floating point. 

F>M Packs the floating point number to 
compacted format and stores the 
result in memory. 

M>A Unpacks the floating point number in 
memory. 

S>A Converts an integer to floating point 
format. 

S>F Converts an integer to floating point 
format. 

F>S Converts a number from floating point 


to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN Calculates the sine of a floating point 
number {in radians). 


cos Calculates the cosine of a floating point 
number (in radians). 

TAN Calculates the tangent of a floating 
point number (im radians). 

ARCTAN Calculates the arc tangent of a floating 
point number. 

DEGREES Converts a floating point number from 
radians to degrees. 

RADIANS Converts a floating point number from 


degrees to radians. 





or 


Rockwell 


FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 


FORTH actually provides the best of two worlds. it has the 
looping and branching constructs of high-level languages (DO 

. LOOP, BEGIN... END, IF... THEN and IF’... ELSE 

. THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal: 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from 
application programs written in FORTH. The object code is a 
compiled composite of the user's application vocabulary and 
these portions of the Target Compiler nucleus necessary to sup- 
port the application vocabulary. The disk-based FORTH Target 
Compiler operates on the AIM 65 Microcomputer in conjunction 
with the AIM 65 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the AIM 65 DOS 1.0 firmware. 


The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 
to run on AIM 65 or RM 65 SBC module-based systems with 
supporting RM 65 memory and input/output modules, e.g... 
Analog Input/Output, 
Peripheral Interface Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and IEEE-488 module as well as the AIM 65 
Math Package, firmware can also be included for expanded 
application systems.. 


lIEEE-488 Interface, and Multi-function: 


A65-052 
AIM 65 Microcomputer Family 


A65-052 


AIM 65 FORTH TARGET COMPILER 





FEATURES 


Fully compatible with FORTH programs developed with AIM 
65 or AIM 65/40 FORTH Interpreter ROMs 
Disk- based compiler operation with vocabulary overlays for 
—Text Editing 

— Disk Interfacing 

—Serlal Input/Output 

—Compiling 

— Special Utilities 

Easy compiler operation 

—Load screen direction 

—Compile tracing (mapping) 

—Compiles to RAM and/or disk 

Includes 6502 Macro Assembler with 
—Forward references 

— Symbolic labels 

— Relative branches 

Efficient object code generation 
—ROMable object code- 

— Standalone operation 

—Minimum runtime nucleus 

—Qptimized FORTH compiled vocabulary 
— AIM 65 autostart capability 
—User-specified origin’ 

Flexible target computer installation 


— System independent (runs on any 6502 CPU-based system 
with minimal runtime memory map requirements) 





ORDERING INFO RMATION 


Description 


AIM 65 FORTH Target Compiler _ 
AIM 65 FORTH Interpreter ROMs") 
AIM 65 DOS 1.0 ROM") 

AIM 65/40 Math Package ROM®). 


AIM 65-052 
AIM 65-050 
AIM 65-090 
AIM 65-040 


ores |__| 





AIM 65 and AIM 65/40 FORTH Target 
Compiler User's Manual! 

AIM 65 FORTH User's Manual 

AIM 65 Math Package User's Manual) 


Notes: 

(1) Required for FORTH weet Compiler operation. 
(2) Requires RM65-5101NE FDC module. 

(3) Included with A65-052. 

(4) Included with A65-050. 

(5) Included with A65-040. 

(6) Optional. 


Document No. 29001D11 
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DEVELOPING FORTH PROGRAMS FORTH TARGET COMPILER OPERATION 
FORTH is built on subroutine-like functions, called “words.” The disk-based, two-pass, FORTH Target Compiler com- 
These words are linked together to form.a “dictionary,” which piles object code in one of two. modes: BIG.COMPILE «or. 
is the central core of the language. Writing a program in FORTH QUICK.COMPILE. The QUICK:COMPILE mode compiles: the 
consists of using the dictionary words to define each new word. entire object code directly to RAM then saves the compiled code 
Once the new word has been defined it is added to the system on disk. The BIG.COMPILE mode compiles to 1K-byte buffer 
dictionary and it becomes as much a part of the language as areas’ in RAM. When the buffer is full, the buffer contents 
any other word that has been previously defined. In this way are transferred to disk then compilation continues. The 
new features and extensions can be added by simply defining BIG.COMPILE mode optimizes object code RAM requirements 
one or more new words. although it compiles slower than the QUICK.COMPILE mode. 
FORTH is a stack-oriented. language, and is programmed in Operation of the compiler is directed by one or more LOAD 
Reverse Polish Notation (RPN), the notation that is used in SCREENS. This technique provides the user with complete 
Hewlett-Packard: scientific calculators. A data stack is an control of compiler variables, origin statements, cold start vec- 
extremely efficient way of passing variables back and forth tors and utility routines. The LOAD-SCREEN(s) then specify 
between operations and eliminates the need to tie up memory which user screens to compile .and in what order. 


locations with variable tables. 


FORTH programs are developed using "top-down/bottom- -up” FLOATING POINT OPERATION 


techniques. That is, the programmer begins by defining the pro- The FORTH Target Compiler provides both single-precision 
gram in very general terms, then systematically breaks these (16-bit) and double-precision (32-bit) single integer arithmetic 
definitions down into more and more detailed submodules. When functions. If floating point arithmetic is desired, code words can 
the lowest levels of sub-modules have been defined, FORTH easily be defined within, the application program to fink to external 
coding begins at those levels, working back up toward the top floating point subroutines. The AIM 65 Math Package ROM, 
of the program, in pyramid fashion. Each sub-module is a stand: located at address $8000- $8FFF, can be installed in the appii- 
alone component of the program, and can be debugged without cation system. Alternatively, user-defined floating point func- 
having the complete program in the system. The interactive tions may be linked to or even provided within the code 
nature of FORTH supports this time efficient development definitions. 

technique. 


SYSTEM REQUIREMENTS 


In most time-critical applications, at least part of the program 


must be written in assembly languages. FORTH has a built-in The AIM 65°FORTH Target Compiler operates in an AIM 65 
6502 macro assembler, and allows assembly language coding Microcomputer in conjunction with an RM 65 32K Dynamic RAM 
at almost any point in your program, without separate assembly module and an RM 65 FDC module with an AIM 65 DOS 1.0 
and load steps or special machine level linkage. FORTH pro- ROM installed on the FDC module. The following table lists two 
grams typically run up to ten times faster than other interpretive configurations of AIM 65/40 and RM 65 hardware and firmware 
languages, and can even approach the speed of machine lan- which may be used. Other configurations can be easily com- 
guage programs for some applications. posed depending oni the: user's development and application 


requirements. 
The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 
Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. , 


Host Computer 
























‘Required A65-450 A65-550 
Peripherals AIM 65 Microcomputer AIM 65 Microcomputer 
Firmware with 4K RAM System with 4K RAM 


and FORTH ROMs and FORTH ROMs 










RM65-7104E AM 65 Adapter/Buffer for AIM 65, or 
RM65-7116E RM 65 Cable Adapter/Butfér for AIM 65 
RM65-7004E RM 65 4-Slot Card Cage 

RM65-3132E RM 65 32K Dynamic RAM Module 
RM65-5101NE RM 65 Floppy Disk Controller (FDC) Module (without ROM) 
AG5-090 AIM 65 DOS 1.0 ROM 
A65-050 AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 


Note: 

X = Required in addition to host computer. 
1. Included in host computer, 

2. Remote to AIM 65 enclosure. 








x 
x 
x 
x 
x 
(1) 






(1) 
Optional 






Optional 
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FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 


BUFFERS 
INSERT-BUF 


FIND-BUF 


An 80-byte ouffer beginning at PAD + 80. 


An B0-byte ‘buffer beginning at PAD + 160. 


LINE ORIENTED COMMANDS: 


NEW 


TILL 


>LINE# 


(DELETE) 


(HOLD) 


(KILL) 


(PUT) 


ALINE 


Swaps the contents of the INSERT-BUF and 
FIND-BUF. 


On current screen, returns the RAM address 


of the beginning of the line#. 


Replaces {NSERT-BUF and line# in block# 
with current referenced line. 


Beginning at line#, clears each line and 
allows a NEW line to be typed in. Input is 
terminated by a null line entry (CR CR). 
Clears remaining lines on the current screen. 


Copies text into the INSERT-BUF and the 
current line until the delimiter (CR) is 
encountered. 


Beginning at the current cursor address, 


deletes text unTILL the end of the matching 
text string is encountered. The text is held in 
FIND-BUF. 


Moves cursor to beginning of line# in current 
screen. Shows the line. , = 


Copies text into the INSERT-BUF and the line 
on the current screen under the cursor. 
Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the screen 
up. The tast line becomes a blank. 


Returns the current cursor line #. 


Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 


Copies the referenced line number into 
INSEAT-BUF and UPDATE. 


Blanks line# and UPDATE. 


Replaces the current line with contents of 
INSERT-BUF. 


Prints the current line with the cursor at 
current cursor position and the line number at 
the end of the line. 


Searches the current line after cursor position 
for.a match to contents of FIND-BUF. 
Repositions cursor to it if a match is found and 
sets f=1. If no match is found, sets f=0 and 
positions the cursor to the next line. 
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STRING ORIENTED COMMANDS 


D 


MATCH 


(F) 


#LAG 


#LEAD 


Finds the text, deletes it and shows the line. 


Finds the text, positions the cursor at the end 
of the text string-and shows the line. 


Inserts the contents of INSERT-BUF into line. 


Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match is 
found, sets f=1 and ADDR3=ADDRAI + 
CNT1. If a match is found, sets f=0 and 
ADDR3=address of the next byte after the 
matching string. 


Locates the text in the buffer. 


Returns the address of the character following - 
the cursor and then counts to the line end. 


Returns the address of the character 


preceding the cursor and the count to the 


beginning of the line. 


SCREEN COMMANDS 





B Moves to last block. 

L Lists current screen. 

N Moves to next block. 

TOP Moves cursor to the top line of the text. 

WIPE Clears the entire screen. 

MISCELLANEOUS COMMANDS 

BUF-MOVE Move non-null contents of PAD to ADDR. 

E Erases the string in front of the cursor fora. . 
length equal to the string in FIND-BUFF. 

R ‘Replaces string identified by FIND-BUFF with 
TEXT. 

S$ Beginning at current screen and continuing 
through screen #n, searches for a string 
match to TEXT and displays matches. 

CURSOR COMMANDS 

R# Returns the cursor position (n). 

#LOCATE Returns byte position of cursor and line 
number. 

>> Adds n to cursor position and displays line. 

TEXT Takes text from input stream until DLiMiter 
character is encountered (65 characters ; 
maximum). Moves text to PAD and fills to’ 65: 
characters with blanks ($20). 

USE Displays CHAR as the cursor. 

WHERE Displays where an error in LOADing occurred. 


Also- shows context and current. 
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FORTH WORDS 


GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65-050 FORTH Interpreter ROMs (refer to Data 


Sheet Order No. D87). 


ABORT” 


ASCIt 


COMBINE 


COMPILING 
DISKING 
EDITOR 


EXTERNAL 


FALSE 
H. 
HI 
IFEND 


IFTRUE 


INTERNAL 


TRUE 
U. 


UNRAVEL 


Prints TEXT if a run-time error occurs. 
During compile time, places a CLIT and the 
jiteral value of GHAR in the dictionary. In 
immediate mode, returns the ASCII value on 
the stack, 


Combines low byte of | and high byte of h to 
formn. : 


Activates the Compiler Vocabulary Overlay. 
Activates the Disk Vocabulary Overlay. 
Activates the Editor Overlay. 


Execution only. NFA of next word to be 
defined. 


Returns a false flag. 

Prints n as an utieignaed hexadecimal value. 
Returns the high byte of n. 

Marks a place. 


Compiles the following input if f=1, otherwise 
skips. 


Returns the NFA of the latest word defined. 
Retums the low byte of n. 
Creates word NAME that loads screen no. n. 


Execution only. Places NFA‘ into LFA of 
NFA2. 


Stores a 0 in ADDR. 
Stores a 1 in ADDR. 


Rotates the nth number to the top of the 
stack. 


n= RAM space left. 

Places value nin variable or constant NAME. 
Returns low and high byte of n. 

Performs sequential LOAD's beginning at 
screen no. n and continuing through screen 
no. n. 

Returns a true flag. 


Outputs n as a double-precision number. 


Back traces the return stack. 


Y/N? 


2DEF 
7RANGE 


2URANGE 


Asks the question YES? or NO?, depending 
on f, = 1 or 0. Returns f, as true or false 
depending on input match to f,.. 

Rotates double-precision numbers d,, do, d3. 
Returns d, =4d, *d.. 

Double-precision OVER. 

Double-precision SWAP. 


Execution only. Creates a constant NAME with 
value n. 


Compares strings at ADDR1 and ADDR? for n 
bytes. Returns f=1 if same. 


IF NAME is defined, returns f=1. 


Returns f=1 if n2<n1<n3 for signed numbers. 


; Returns f=1 if ua<u1<u3 for unsigned 


numbers. 


DISK VOCABULARY OVERLAY 


BACKUP 


BLOCKS 


COPY 


DOWN 


MASSACRE 


SCREENS 
SLATE 
SWEEP 
UP 


VERIFY 


VOLUME 


2WRONG 


Copies all of drive 0 to drive 1. 


Copies block bi through 61+n to block b2 
through b2+n. 


Copies block b1 to block b2. 


Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive 0. 


Clears n blocks beginning at block b, DRO. 


Copies screens S1 through S1+n to screens 
$2 through S2+n. 


WRITES blanks ($20) to block b relative to 
DRIVE 0. 


READS blocks b through b+n searching for 
disk errors. 


Beginning at block b, coples n blacks from 
drive 0 to drive 1. 


Compares blocks beginning at b1 to those 
beginning at b2 for n blocks and displays 
errors. 


Returns the block number of the block 0 of 
drive 2 relative to drive 0. 


\fb1 = b2, then sets f=1, else sets f=0. 
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“TARGET COMPILER VOCABULARY 


OVERLAY 
LISTS 
SYMBOLS Defines names in the object code. READY Initializes internal variables to their default 
value. 
LOCALS Defines words at compile time. only. 
, START Begins the compilation. Everything following 
MAGICS Immediate words. this command will be interpreted or compiled 


SWITCHES & FLAG WORDS (directives active during compile) 


in the simulated target machine‘ environment. 


ON Changes switch state to ON: DEFINING WORDS 
== Generates an equate type statement. 
OFF Changes switch state to OFF. ; 
LABEL For use in assembly language to provide 
MAPPING Prints or displays the name and CFA of each flexibility and allow code sharing. 
WORD when created. As 
VARIABLE if ROMABLE is true, VARIABLE becomes a 
GAG Suppresses most.non-fatal error messages. USER variable, otherwise variable is identical 
; to ROM-based FORTH. 
AUTO.FORWARD Automatic forward reference for. undefined 
words. ; BYTES Sets aside bytes in RAM area (like ALLOT). 
NUMERIC Values must be preceded by: a valid decimal RAM Equivalent to ROM command HERE. Returns 
character to be a valid number: . current RAM address. 
ROMABLE Generates read-only code. BCC, BCS, BNE, Relative branch opcodes for assembly 
BEQ, BPL, BMI, operation. 
CONTROL WORDS BVC, BVS, 
FORWARD Forces forward reference of: the name. M AGIC WORDS " 
immediately following. 
DLITERAL Compiles a double number in line. 
WIDE Name field langth (headeriess code). sy Sade 
: Ae Oe xs ASCII Compiles CLIT of following ASCII character. _ 
SET Changes the value of FORTH user constants. a : 

DOES> Immediate word to_separate <BUILDS 
WINDOW.LO Defines the Target addressspace boundaries. DOES> into TARGET NUCLEUS and Target 
WINDOW.HI : Compiler. 

DESTINATION Defines the target buffer block number. ;CODE Identical ta CODE but also sets a pointer for 
LOCATE. 
RAM.LO Identifies nucleus RAM boundaries. Extends : — 
RAM. HI \ from RAM.LO for USER,SIZE bytes. LOCATE Informs the.compiler where the execution time 
a CODE is located. 
USER.SIZE Number of bytes reserved beginning at : 
RAM.LO. RAM between RAM.LO + REVEAL Similar to SMUDGE. 
USER.SIZE and RAM.HI is used for work : : ; 
buffers (PAD, etc.) when ROMABLE flag is HIDE Sets the SMUDGE bit on the last target word. 
set. ; 
ORIGIN , orca? s target dictionary. 
FAST.COMPILE Target space will be RAM oniy, based on: 
WINDOW. LO and WINDOW. Hi. 
_BIG.COMPILE Target space maybe’ virtual data space on 
disk. 
CLEAR.TARGET Fills the target area with zéros. 
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PASCAL LANGUAGE 


Pascal is a powerful high-level. computer programming lan- 
guage originally designed for educational purposes. Developed 
by Niklaus Wirth of the ETH Technical Institute of Zurich in 1971, 
Pascal has gained acceptance worldwide as the standard lan- 
guage to teach computer programming. The rich variety of 
Pascal language features allows a wide range of data structures 
to be specified and complex algorithms to be implemented. Pro- 
gramming in Pascal using structured programming techniques 
produces programs that are easy to write, understand and main- 
tain. The widespread teaching of the language coupled with the 
increased productivity of the programmer and the improved 
reliability of compiler generated code is causing Pascal to be 


increasingly adopted in industrial and scientific applications as” 


well as in the classroom. 


PRODUCT OVERVIEW 


AIM 65 Instant Pascal™ is a unique implementation of the 
Pascal {anguage which combines the immediacy of ROM-based 
software, interactive source code entry and debug facilities, on- 
board AIM 65 printer and display peripherals and low-cost 
expansion memory, to provide a complete Pascal education, 
development and application system. The language is a major 
subset of Standard Pascal (defined by K. Jensen and N. Wirth 
in their book, “Pascal User Manual and Report”) incorporating 
all of the simple and structured statements, and the most widely 
used simple and structured data types. Extensions to the lan- 
guage permit direct control in Pascal of the AIM 65 Microcom- 
puter memory-mapped I/O and allow interfacing to machine- 
language programs developed with the AIM 65 Assembler. 


Instant Pascal incorporates facilities to write and debug pro- 
grams entirely at the source language level. These facilities 
include source-level editor, breakpoint, and trace—plus imme- 
diate source statement execution for examination and modifi- 
cation of data. Source statements are translated immediately 
upon entry into an intermediate language which is interpretively 
executed. i. 


The 20K-byte AIM 65 Instant Pascal software comes in a five- 
ROM set. One ROM plugs into AIM 65 Master Module socket 
224 while the other four ROMs plug into an RM 65 16K-byte 
PROM/ROM (RM65-3216E) module. 


™ Instant Pascal is a trademark of Melvin E. Conway. 


A65-060 
AIM 65 Microcomputer Family 


A65-060 


AIM 65 INSTANT PASCAL ROMS 


FEATURES 


e AIM 65 Microcomputer host and target 
e Substantial subset of Standard Pascal (Jensen and Wirth) 
e ROM resident for immediate operation 
e Direct control of memory mapped I/O 
e Machine language interface linkage 
e Source code editor 
— Position text pointer 
— Find character string 
—List, delete, insert statement 
—View statement _ 
Flexible program control . 
—Check syntax for coding errors without executing program 
— Execute one statement to allow examination and 
modification of data 
—Execute entire program 
e Source level debugging facllities 
—Breakpoint 
— Assignment trace lists values as they are changed 
— Statement trace lists statements as they are executed 
e Device Source VO 
—lInput source code from specified device 
~— Output source code to specified device 


MEMORY MAP 


naarese en 





















$B000-$BFFF Pascal Program 

$4000-$7FFF Pascat Program 

$FC3-$FFF. Translator input area (default value} 
$ED2-$FC2 Translator output area (default value) 
$300 up Execution stack (default value) 
$FC-SFF Pascal Variables 

$06-$B4 Pascal Variables . 





ORDERING INFORMATION 


| 


Note: 
*Included with A65-060 
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AIM 65 Instant Pascal ROMs 


STANT PASCAL EXTENSIONS TO STANDARD PASCAL 


Varlables, both simple and structured, may be given absolute memory addresses. This permits Pascal programming | of memory- 

.mapped VO and linkage to machine-language subroutines. 

-The OTHERWISE: default clause Is implemented in the CASE statement. Identifiers may have any length; the entire. identifier is 
significant. 

—Data of type STRING may have lengths which vary dynamically up to the declared: maximum length. The type S: STRING[C] is 

| implemented as S:ARRAY{O. . C] OF CHAR, where S[0] is the value of the dynamic length. (C is a constant less than 256.) 

-The predefined procedure BREAK causes interruption of program execution, if itis enabled. _ 

~The predefined procedure SUBR(ENTRANCE) calls the machine-language subroutine whose entrance address is the declared 
address of the absolute variable ENTRANCE. The variant SUBR(ENTRANCE, DATA) places the address of the Pascal variable DATA 
in page 0 before giving contro! to the subroutine. 

~The predefined functions FUNC(ENTRANCE) and FUNC(ENTRANCE, DATA) are the same as SUBR; in addition they return a CHAR: 

type value which the subroutine leaves in A. 


STANDARD PASCAL FEATURES NOT IMPLEMENTED IN INSTANT PASCAL 


-Files and their associated predefined procedures and variables (GET, PUT, RESET, REWRITE, EOLN, EOF) are not implemented. 
The predefined procedures READ, READIN, WRITE, WRITELN are implemented to interface. with all character-serial devices: avail- 
able to the AIM 65 Monitor, including user-defined devices. The following types may be read and written: char, integer, real, Boolean 
(Y or N on input), variable-length string. 


—Set expressions are not implemented. One-byte sets (with up to eight elements) and the relational operator IN are implemented; these 
permit Pascal-level testing of /O device status. 

—Records are implemented, but record variants are not. 

-Dynamic storage allocation and the pointer type are not implemented. 

-The directive FORWARD is not implemented. 

—The constant definition identifier=identifier; is not implemented. 

~Ambiguity between field and variable names at the same block level is not supported. Other Pascal visibility rules aré fully supported. 


-Packing of data is not done below the byte level. The word-symbol PACKED is accepted but Ignored, and the predefined procedures _ 
PACK and UNPACK are not implemented. 


-Procedural and functional parameters to procedures and functions are not implemented. 

-GOTO may not jump outside its own block. . : 

-The 60-character input line of the AIM 65 limits the length of certain constructs, in particular simple statements, -procedure/function | 
headings; and enumerated type lists, which may not be extended during input from one line to the next. 
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OPERATION OF INSTANT PASCAL 


All operations in the Instant Pascal system are controlled by’ 
a set of single-letter commands. The system generally per-. 


forms one of the following six major operations. 


4, Source input from keyboard or input device. 

2, Source output to printer or output device. 

3. Program editing: positioning the text unit pointer or deleting 
text units. © ss Ss 

4. Syntax checking a program. This operation is called 
automatically at the first call to execute a program after 
any change. It'may also be called explicitly. 

5. Executing a program. 

6. Executing a single statement entered by the user. 


All commands are preceded by the Instant Pascal prompt 
“+<,." The numeric parameter n in some of the commands 
has:either a decimal value or one of the following two default 
values: “.” =forever; CR=1. 


INSTANT PASCAL OPERATION COMMANDS 


Text Unit Pointer Movement 
+<T> Position to top text unit. 


AIM 65 Instant Pascal ROM 





MEMORY EXPANSION 
CONSIDERATIONS | 

About 1.5 bytes per character of source code is required t 
store an application program written in Pascal in memory du 
to the translation process. For.minimum applications. requirin 
less than 3.2K bytes of on-board user RAM, the PROM/RO 
module can be connected to the AIM 65 Expansion.Con 


nector using an RM 65 Single Card Adapter. For large 


applications, : connection of an RM 65 multi-slot card cag 
through an RM 65 Adapter/Buffer module is recommended 
One or more RM 65 RAM modules can then be added a 
required. Up to 15.2K bytes of contiguous RAM can be ded 
Icated to the application program. 


+<B> Position to bottom text unit. 

+<U>/n Position up n text units. 

+<D>/n Position down n text units. 

+<F>string Find the line containing the argument string. 
Source Text Editing 

+<K>/n Delete n text units. 

+<|> Insert one tine of source. 

+< >space List current text unit. 

+<V> 


Device Source 1/0 
+<RA>IN=device 
+<L>/nOUT=device 


View a neighborhood of five text units centered at the current. one. 


Read lines of source until empty line. 
List n text units to the specified device. 


Toggles 
+<§$> Toggle statement trace. 
+<A> Toggle assignment trace. 
+<E> 


Program Control 


Toggle enabling of the BREAK procedure. 


+<C> Check program syntax. 

+<G>. " Execute program. Starts at beginning of program unless a break is in progress. Break-in-progress status 
may be cancelled with the C command or by changing the program. 

+<,> Execute and trace until the start of the next statement and return with break-in-progress status set. 

+<X>statement Immediately execute the statement. Identifier visibility is defined by the position of the text unit pointer in 


‘the program. 
Miscellaneous 


+<W> _ Redefine page width. The default value of 20 may be changed if a terminal is attached to the AIM 65. 
+<N> Initialize to empty program. 
+<M> Report number of free memory bytes. 


+<Z>_ Cold start. 
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AG5-090 


AIM 65 DISK OPERATING SYSTEM. 
VERSION 1.0 (DOS 1. 0): ROM » 





DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive-level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user- 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65 Disk Operating System Version 1.0 (DOS 1.0) pro- 
vides:disk and file management functions for the AIM 65 Micro- 
computer in conjunction with an RM 65 Floppy Disk Controller 
(FDC) module. With this configuration, mass sforage files can 
be easily manipulated when connected to one to four 54%” or 8” 
floppy disk drives: DOS 1.0 functions, contained on a 4K-byte 
ROM that plugs into the FDC module, are available immediately 
upon computer power turn-on without waiting for separate loading 
of a disk-based DOS into RAM. 


DOS 1.0 functions are operator commandable through inter- 
active AIM 65 Debug Monitor/Text Editor operation as well as 
language (assembler, compiler and/or interpreter) operation. 


Text and program source code may be written to, and read from, . 


disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source. and object 
code for application programs written in AIM 65 Assembler, 
BASIC, FORTH, PL/65 and Instant Pascal languages are there- 
fore supported. In addition, utility functions format @ disk, list the 


contents of the disk directory, delete .a file, recover a file and. 


backup a disk upon command. The DOS functions’ may also be 
called under program control by the application: program into 
order to read and write data files. : 


Disk read or write errors, both at the DOS and FDC hardware 
level, are reported upon detection. User-alterable variables allow 
changing of default values to application unique vaiues. 


Disks formatted by AIM 65 DOS 1.0 are compatible with AIM 
65/40 DOS 1.0 and AIM 65/40 BDOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 





FEATURES 


AIM 65 Microcomputer compatible 

ROM resident for immediate operation 

installs on-board RM 65 Floppy Disk Controller (FDC) module 
Provides mass storage of programs and data 


Compatible with AIM 65 high level language and Assembler 
ROMs 


e Disk oriented commands (format, fist, backup) 
e File oriented commands (list, delete, recover) 
e Input/Output commands 
—Read and write text and object code 
—Automatic file open and close 
e User-alterable variables 


— Utility function and error handling vectors (before and after 
DOS functions) 


—Input/output vectors 
—V/O buffer vectors a 
e Extensive error detection and reporting 


MEMORY MAP 


[Asse fon) [sommes 


$8F00-$8FFF 
$8000-$8EFF 


RM 65 FDC Madule iO 

DOS 1.0 Program 

DOS 1.0 I/O Buffer (default location) 
$500-$563 DOS -1.0 Variables 
$4A0-$4FA DOS 1.0 Variables 

$D7-$DE DOS 1.0 Variables 


$600-$7FF 





ORDERING INFORMATION 


? Deseription 


- | A65-090 »  AIM.65 DOS 1.0 ROM 


RM 65 FDC Module (without ROM 
containing primitive subroutines”) 


|. ; ‘Description 


AM 65 FDC Module User's Manual 


RM65-5101NE 


Order.No. ~ 


Notes: 





1. Describes user's instructions for AIM 65 DOS 1.0. Included 


with A65-090 and’RM65-5101NE. 
2. The DOS: 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 
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A65-901 


AIM 65 PROM PROGRAMMER AND 
CO-ED MODULE . 





“PRODUCT OVERVIEW 


The A65-901 PROM Programmer and CO-ED Module is one of 
the hardware aptions available for. the AIM 65 Microcomputer 
family. 


The A65-901 PROM Programmer and CO-ED Module programs 
1K-, 2K-, and 4K-byte PROMs that can be installed in the -AIM 

65 microcomputer or ina RM 65 16K PROM/ROM Module. The 
PROM Programmer provides. check, program, verity and read 
functions. 


The utility of the Module is enhanced through the included Object 
Code Editor (CO-ED). CO- ED allows you to edit object code in 
much the same way as you can edit. ‘source code for the AIM 
65 Assembler, using. AIM 65's Text Editor. With CO-ED, patches 
can be made directly in. your program without having to go 
through the time- peonsumning process of re- "assembling. 


The ‘65-901 PROM Programmer and CO-ED Module atso sup- 
‘ports data load, verify and dump with offset functions. And the 
Module plugs directly into the AIM 65 Expansion Connector. 


“FEATURES 


¢ Plugs directly onto the AIM 65 Expansion Connector 

* Programs the following 5 volt pres (or eauvelens) 
— Intel 2758, 2716 and. 2732.. 
— TI TMS 2508, 2516 and 2532 

¢ Provides programming functions to check, program, verify 
‘and read PROM 

* Includes utility functions to load, verify, ‘dump, fil’ and invert 
memory 


‘@ Incorporates object code editor (CO‘ED) functions to control 


program pointers; search for operands, jumps/branches and 
Strings; and to modify instructions with automatic address 
adjustment 


e Kbytes of Static RAM are included. to allow dae pass pro- 
gramming of a 4K-byte PROM when used with a 4K RAM 
version of AIM 65 - 


° Zero insertion force (ZIF) socket for PROM béing: programmed 
* On-board DC/DC Converter allows +5V-only operation 
« -Fully assembled, tested and warranted 
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FUNCTIONAL DESCRIPTION During PROM read operations, the PIA sets the address lines 
to the PROM. The tri-state Data Buffer drives the PROM data 

The R6520 Peripheral Interface Adapter (PIA) is the primary onto the AIM 65 Expansion Connector data lines. The Data Latch 

interface device between the AIM 65 Expansion Connector and is disabled at this time. 

the 24-pin Zero Insertion Force PROM socket and control te 

circuits. During PROM programming, PROM address, PROM The Power Switches drive +5V or +26V onto three PROM 

data and programming control signals are transmitted to the PIA socket programming lines depending on the PROM type 

on the AIM 65 Expansion Connector data lines. During PROM selected. 

check, verify and read operations, only PROM address and 

control signals are issued to the PIA from the AIM 65. The 4K R2332 ROM contains the PROM Programmer and 


CO-ED firmware. 
Four PIA I/O Lines carry the most significant address signals 


to the PROM. Eight other PIA 1/0 lines multiplex the PROM data 1K bytes of on-board RAM are provided for use by the PROM 
and least significant address signals. One output line controls Programmer and CO-ED software. The RAM is mapped from 
the Tri-State Data Latch. Five other PIA I/O Lines control the $1000-$13FF to provide contiguous addressing from the top of 
Power Switches. a 4K RAM AIM 65. 

During PROM programming, PROM data is transferred to the The Address Decode circuitry generates individual chip select 
tri-state Data Latch, which drives the latched data to the PROM. signals to the RAM, ROM, PIA and the Data Buffer. 

The PROM address is then sent to the PROM on the eight 

multiplexed data/address lines and the four dedicated address The PROM Programmer and CO-ED Module may be powered 
lines. The Power Switches are then turned on to apply the proper from the AIM 65 or from an external + 5V power supply. A.DDC/DC 
voltage levels for the required time duration to transfer the 8-bits Voltage Converter generates +30V from +5V. The +30V is 
of data into one PROM location. The process is repeated until regulated to +26V for on-board use. The +30V may be 
the specified PROM address range is fully programmed. The connected to an external power supply to minimize current drain 
tri-state Data Buffer is disabled during programming. — on the +5V supply. 


















CONNECT TO AIM-65 
EXPANSION CONNECTOR 





DATA 
BUFFER 
(TRISTATE) 















(TRISTATE) 
CLOCK AND ia ge 
Tee aie 
DATA 


POWER 
SWITCHES 












+26V 
VOLTAGE 
REGULATOR 


+5V TO +30V 
DCc/DC 
CONVERTER 






A65-901 PROM Programmer and CO-ED Module Block Diagram 
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AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) _ Bottom (Solder Sida} 


Signal — ee eas input! Signal Input/ 
Mnemonic Signal Name Output Mnemonic Signal Name Output 


Address Bit 0 
Address Bit 1 
Address Bit 2 
- Address Bit 3 
Address Bit 4 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit 9 | 
Address Bit 10 
Address Bit 11 
Address Bit 12 
Address Bit 13 
Address Bit 14 
Address Bit 15 
System Phase 2 Clock 
System Read/Write 
Read/Write “Not” 
Test 

Phase 2 Clock “Not” 
RAM Read/Write 


*Sync 
*Ready 
*Phase 1 Clock 
*interrupt Request * 
*Set Overflow | 
*Non- -Maskable Interrupt 
Reset 
Data Bit 7 
Data Bit6 
_, Data Bit 5 
‘Data Bit4 
Data Bit 3 
- Data Bit-2 | 
Data Bit 1 
Data Bit 0 
*-12 Vde 
*#12Vde 
- Chip Select 8 
Chip Select 9 
"Chip Select A 
. +5 Vde 
Ground 


DQyOensuona 


PAP SS AE A Sy A Ey Oe 


NOTE: 


. 





= Not uzeion this mecue 


PROM Programmer Commands 


a 


ENTRY/EXIT ENTER PROM PROGRAMMER 


RE-ENTER PROM PROGRAMMER 
BASE ADDRESS 












ESCAPE TO MONITOR 


‘PROM BASE ADDRESS 
RAM BASE ADDRESS . 


CHECK PROM 
PROGRAM PROM 
VERIFY PROM 

READ PROM 


LOAD MEMORY 
VERIFY MEMORY 
DUMP MEMORY 
FILL MEMORY 
INVERT MEMORY 


RECORDER CONTROL 1 : TOGGLE RECORDER CONTROL LINE 1 ON/OFF 
2 | TOGGLE RECORDER CONTROL LINE 2 ON/OFF 


CO-ED Commands 


a 


ENTRY/EXIT F3 ENTER CO-ED 
/ 
ESC" 


EXIT CO-ED 
POINTER CONTROL 



































MEMORY 





-zZoar|inero 












ESCAPE TO MONITOR 


LOCATE PROGRAM 
MOVE TO TOP OF PROGRAM 

MOVE TO BOTTOM OF PROGRAM 
MOVE UP ONE INSTRUCTION 

MOVE DOWN ONE INSTRUCTION 
GO TO ADDRESS ; 
EXCHANGE POINTERS 


FIND AN OPERAND - 
FIND JUMPS AND BRANCHES 
FIND A STRING 


INSERT AN INSTRUCTION 
STRIKEOUT AN. INSTRUCTION 
ADJUST INSTRUCTION BLOCK 
CHANGE INSTRUCTION 

MOVE INSTRUCTION/DATA BLOCK 
RELOCATE 


FILL MEMORY - 
DISASSEMBLE MEMORY 















SEARCH 


4 


PROGAAM MODIFICATION 


DZapeae- 








UTILITY- 







zn 
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65-90 AIM 65 PROM Programmer and CO-ED Module 








SPECIFICATIONS 
Parameter. 
Dimensions 
Width 4.4 in. (144. mm) 
Length he 6.3-in. (160 mm) 
Height - 0.75 in. (19 mm): 





Weight . . 5.3 ox. (150 g) = 


Environment 


Operating Temperature O°C to 70°C, 
Storage Temperature -40°C to 65°C 
Relative Humidity 0% to 85% (without condensation) 


Power Requirements 

With DC/DC Converter | +5V 45%, 1.1.A(15.5 W) — Maximum: 
+5V +5%, 0.75 A (3.75 W)— Maximum 
+30V +5%, 0.04A (1.2 W) — Maximum 





Without DCG/DC Converter 






Mernory Map 
User RAM $1000 — $13FF 
VO $8800 — $8FFF 
ROM $9000 — S9FFF 
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PRODUCT OVERVIEW 


The A65-905 Memory Cartridge is one of the hardware options 
available for the AIM 65 Microcomputer family. , 


Many applications of AIM 65 microcomputers, particularly in test 
equipment, instrumentation, monitors, analyzers or controllers, 
require that the resident application software or fixed parametric 
data be changed periodically. This may occur because the item 
under test or being controlled has been changed, or parameter 
values have been revised. For OEM installations, the change 
may be required to customize the sysiem for different customers. 


The AIM 65 Memory Cartridge system is an economical and 
convenient method for expanding the memory of an AIM 65 
microcomputer. The cartridges are designed for use with the 
Rockwell packaged 500 Series of desktop microcomputers, but 
may also be used with any AIM 65 board-level microcomputer. 
A Buffer Module connects to the AIM 65 Master Module, buffers 
the expansion bus signals, and provides a covered host recep- 
tacle for a Memory Cartridge. In addition to expanded RAM and 
provisions for user application PROM firmware, a variety of pre- 
configured AIM 65 high level languages, assembler and math 
package routines are available in plug-in Memory Cartridge 
form. These language cartridges permit the user to program 
different applications in different languages. Unpopulated RAM 
and PROM/ROM cartridges are also available for complete user 
flexibility. — 


The Buffer Module fits under the AIM 65 Master Module and 
fastens securely to the Rockwell AIM 65 Enclosure. Rugged 
injection molded plastic covers for both the Buffer Module and 
the Memory Cartridge complement the AIM 65 Enclosure in 
color, texture and sturdiness. A Memory Cartridge plugs verti- 
cally into the Buffer Module immediately behind the microcom- 
puter enclosure to require a minimum of area in desktop 
applications. A recessed label area on the Memory Cartridge 
cover allows configuration information to be neatly added in an 
area visible to the operator. Address decoding required by the 
different cartridges is accomplished automatically without user 
intervention. 


A 16K Battery Backed CMOS RAM Cartridge retains program 
and data in memory when the AIM 65 Microcomputer power is 
turned off. Critical information can thus be preserved during AC 
power transients or outages and during normal turn-off cycles. 


A65-90 
AIM 65 Microcomputer Famil 


—A65-905 


AIM 65 MEMORY CARTRIDGE 





FEATURES 


e. Praconfigured Memory Cartridges 

—AIM 65 high level languages and support firmware 

—Up to 16K bytes additional RAM (volatile or non-volatile) 
—Up to 32K byte additional PROM/ROM 
—Combination RAM and PROM/ROM | 

Permanent Buffer Module installation 

Convenient Memory Cartridge plug-in installation 

Use with any AIM 65 500 Series Desktop Microcomputer 
Compatible with A65-006 enclosure and power supply . 
Cartridges are fully assembled, tested and warranted 


ORDERING INFORMATION 


Part No. 


A65-905-00 
A65-905-01 


Description 


Buffer Module 

BASIC Interpreter, Assembler, 8K CMOS RAM 
& 4K User PROM Socket 

PL/65 Compiler, Assembler, 8K CMOS RAM & 
4K User PROM Socket 

FORTH, Math Package, 8K CMOS RAM & 4K 
User PROM Socket 

Instant PASCAL & 6K CMOS RAM 

32K PROM/ROM (1) 

16K CMOS RAM 

16K CMOS RAM (unpopulated) 

A65-905-08 BK CMOS RAM & 16K PROM/ROM (1) 
A65-905-09 16K Battery Backed CMOS RAM 


.(1) PROMs not included. 


A65-905-02 
A65-905-03 


A65-905-04 
A65-905-05 
A65-905-06 
A65-905-07 








AIM 65 Desktop Microcomputer with Memory Cartridge 
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A65-905 
FUNCTIONAL DESCRIPTION 


BUFFER MODULE 


The Buffer Module interfaces the AIM 65 Expansion Connector 
to a Memory Cartridge as illustrated. Non-inverting circuits 
buffer the data and address lines. Data direction is controlled 
by the BRIW signal. During a write operation, data from the AIM 
65 Master Module is directed towards the cartridge. During a 
read operation, data from the cartridge is directed towards the 
AIM 65 Master Module. The RAM R/W signal is routed through 
the Butfer Module to the cartridge interface to control the Memory 
Cartridge device read/write operation. 


Address decoding is accomplished by a factory programmed 
256 x 4 PROM which drives a 3-to-8 decoder. An interlock 
signal (PE) ensures the PROM is enabled only when a cartridge 
is installed. Three address straps within the cartridge (S1, S2, 
and S3) identify the cartridge type installed by selecting the 
appropriate address decoding section in the PROM. The five 
most significant buffered address lines address one of the 32 
bytes within the selected section. A valid address for the installed 
cartridge results in a low level signal on the most significant 
PROM output pin. This signal in turn enables both the 3-to-8 
decoder and the data transceiver. The remaining three PROM 
outputs (01, 02, and O3) provide the selection input to the 


AIM 65 Memory Cartridge 


decoder and drive the appropriate decoder output to the low 
state. The eight decoder outputs form the eight active low chip 
select signals for the cartridge. 


PROM timing is controlled by a delay circuit implemented with 
a mono-stable multivibrator. This circuit delays the turn-on of 
the address decode. PROM to prevent bus contentions at the 
beginning of each cycle. 


Power for the Buffer Module is derived from the AIM 65 power 
supply through the Expansion Connector. Power for the car- 
tridge is routed through the Buffer Module. 


MEMORY CARTRIDGE 


The Memory Cartridge has eight 24-pin sockets which can 
accept 2K RAMs, 4K PROMs or 4K ROMs. In models -01, 
-02, -03, -05, and -08, sockets are available for user supplied 
PROMs. In mode! -07, sockets are provided for user supplied 
RAMs. 


Variations in. socket functions are accomplished by routing 
selected signals through factory installed jumpers. The eight 
sockets are arranged into three groups as illustrated in the block 
diagram. All sockets in each group are configured to accept the 
same memory device type. 





CONNECTS TO 
al 6S 
EXPANSION 
CONNECTOR 


a — ae MODULE 


a — ae 


DATA 
(DO-D7) 


BAW 


ADDRESS 
{AD-A15) 





AODRESS 
BUFFER 


TRANS- 
CEIVERS 





ENAGLE 


BUFFERED DATA 
(800-807) 


BUFFEREO ADDRESS 
(BAO-BAIS) 


CHIP SELECTS 
(€31-Cs8) 


ADDRESS STRAPS 
($1-93) 


INTERLOCK 
(PE) 


Buffer Module Block Diagram 
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INSTALLATION 


BUFFER MODULE 


1. 


@w 


Before installing the Buffer Module, turn off power to the AIM 
65 Microcomputer. 


. Align the Buffer Module Connector J1 pin 1 with the AIM 65 


Expansion Connector J3 pin 1. 


: Carefully slide the Butfer Module under the AIM 65 Master 


Module, plugging the Buffer Module onto the Expansion 
Connector. Press in firmly on the end of the module assembly 
until all pins are securely seated. 


. If.your AIM 65 Microcomputer is installed in an. AIM 65 


Enclosure, fasten the Buffer Module Assembly bottom plate 
to the base plate of the enclosure using the screws provided 


-with the Buffer-Module. 


MEMORY CARTRIDGE BATTERY INSTALLATION 
(A65-905-09 only) 


1. 


The battery is NOT factory installed. install the battery by 


"gliding it into the holder plus side (+) up. 


2. There is no on/off switch for the battery. Remove the battery 
to prevent draining the battery when the cartridge is not 
powered. 


3. The battery will last six months th battery back-up mode. 
’ Therefore, replace the battery after six months of use, The 
replacement battery should be either a GE or Sanyo CR2032. 


4. A potentiometer in the cartridge sets the valtage threshold 
level at which the cartridge switches from Vec mode to bat- 
tery back-up mode. The factory set levels are approximately 
+4.5 Vde for battery back-up and +4.7 Vde for Ve¢ power. 
Adjust this potentiometer while monitoring the voltage on pin 
4 of Z9 ta raise or lower these levels. When pin 4 goes high 
(about +5 Vde), the cartridge is in battery back-up. 


MEMORY CARTRIDGE 


1. Before installing or removing a Memory Cartridge, turn. off 
power to the AIM 65 Microcomputer. : 

2. To install the cartridge, align the cartridge with the label side 
‘towards the microcomputer. and plug the cartridge. into the 
Buffer Module receptacle (the cartridge is keyed to prevent 
improper insertion). Press down firmly on the top of the car- 
tridge until all pins are securely seated. 


MEMORY CAATRIOGE 


BUFFERED DATA |. 
(800-607) 


BUFFEREG ADDAESS 
(BA0-BA10) : 


SOCKET GROUP C 
aaa ees eae 


SOCKET 
|| Gaour es 








CHIP 
SELECTS 
(C51-Cs8) 


INTERLOCK 
(PE) 





ADDRESS STAAPS JUMPERS 
- HE 


RAM RW 
BAIZ 





GAGE 


PINS 24 
SOCKET GROUPS A.B, aC 


BATTERY @ACKUP 
; CIRCUITS 


(AS5-908-08} 


PINS 21 
BOCKET GROUPS A.B, &C 


& qumrans pis 1k 
SOCKET GROUPS A, B.& C 


Memory Cartridge Block Diagram 
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Memory Cartridge Memory Map 
Cartridge Model (A65-905-XX) 


Block 
Starting Address -07 


AIM 65 Master Module RAM 


8K RAM 8K RAM 8K RAM —— RAM 16K RAM 16K RAM 8K RAM 16K Battery 
Backed 
RAM 


4K | 4K a 4K — feaad 16K — 


a 65 — Module //O 


oo =O 
Monitor Monitor Monitor Monitor Monitor Monitor Monitor 
Notes: . 
(1) Master Madule only. 


(2) These blocks are addressed on the AIM 65 Master Module in addition to the cartridges. Components must be removed from AIM 65 Master 
Module sockets 224, 225, and 226 prior to installing the memory cartridge model -01, -02, or -03. Component must be removed from AIM 65 
Master Module socket 226 prior to installing cartridge module -04. 





Memory Cartridge Component Summary 






Cartridge Model No. (A65-905-XX) 


~~ PL/65 FORTH PASCAL | PROM/ROM 


RAM RAM 




















R32P2-11 


fon | 






| Zs (1) (1) (1) R32P3-11 
PROM PROM PROM ROM 

Z6 R3226-11 | A3299-11 | AS2Q01-11 | A3I2P4-11 
ROM ROM ROM ROM 

Z7 R3298-21 | R32J2-11 | R32P5-11 
ROM ROM ROM 

za AS224-11 | R9224-11 | R32L3-11 | A32P6-11 
ROM ROM ROM ROM 

Notes: 


1. All PROM is user provided T12532 or equivalent. 
2. All RAM is Toshiba TC5516AP, Toshiba TC5516APL or Suwa Seikosha SRM2018C. 
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A65-905 : AIM 65 Memory Cartridge 


Buffer Module to AIM 65 Expansion Connector Pin Assignments 
Top (Component Side) Bottom (Solder Side) 


Signal , Input} Signal Input/ 
Pin . Mnemonic SignalName Output** Pin Mnemonic |. Signal Name 










































































1 SYNC *SYNC A Address Bit 0 

2 *Ready B Address Bit 1 

3 *Phase 1 Clock Cc Address Bit 2 

4° *Interrupt Request D Address Bit 3 

5 *Set Overflow E Address Bit 4 

6 “*Non-Maskable Interrupt F Address Bit 5 

7 *Reset H. Address Bit 6 

8 Data Bit 7 J Address Bit 7 

9 Data Bit 6 K Address Bit 8 
10 Data Bit 5 L Address Bit 9 
41 Data Bit 4 M Address Bit 10 
12 Data Bit 3 N Address Bit 11 
13 - Data Bit 2 P Address Bit 12 
14 _ Data Bit 1 R Address Bit 13 
15 Data Bit 0 S$ Address Bit 14 
16 *—12 Vde T Address Bit 15 
17 *+12 Vde U. System Phase 2 Clock 
18 "Chip Select 8 Vv “System Read/Write 
19 *Chip Select 9 Ww Read/Write “Not” 
20 “*Chip Select A x “Test : 
21 +5 Vde Y Phase 2 Clock “Not” 
22 Ground 4 


RAM Read/Write 
Note: , 
* = Not used on this module. 

** = With respect to the Buffer Module. 


Memory Cartridge to Buffer Module Connector Pin Assignments 
Front (Label Side) . . Rear 


Signal Input Signal 
Mnemonic Signal Name Output** Mnemonic Signal Name 


BAS Address Bit 3 .BA2 Address Bit 2 
BAI Address Bit 1 BAO Address Bit 0 
BA7 Address Bit 7 BAG Address Bit 6 
BA4 Address Bit 4 BA5 Address Bit 5 
BA15 ‘Address Bit 15 | Not Used 
BA14 Address Bit 14 PROM Enable 
BA12 Address Bit 12 ay Address Bit 13 
BAS Address Bit 9 Address Bit 8 
BA11 Address Bit 11 Address Bit 10 








BO1 Data Bit 1 Data Bit 0 
BD3 Data Bit 3 Data Bit 2 


BD5 Data Bit 5 Data Bit 4 
BD? Data Bit 7 Data Bit 6 
C82 Chip Select 2 csi Chip Select 1 
C84 Chip Select'4 4 Chip Select 3 
csé Chip Select 6 Css Chip Select 5 
css Chip Select 8 cs7 Chip Select 7 
RAM AW | RAM Read/Write Address Strap 3 
$2 Address Strap 2 Address Strap 1 
Not Used Not Used , 
+5V +5 Vde +5 Vde 
GND Ground : ; Ground 


Note: 
“With respect to Memory Cartridge. 
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A65-905 | AIM 65 Memory Cartridge 
SPECIFICATIONS 











Parameter Memory Cartridge , Buffer Module 


Dimensions 
Width 5.25 in. (193 mm) 4.75 in. (121 mm) 
Length 4.85 in. (123 mm) 4.69 in, (119 mm) 
Height 0.88 in. (22 mm) 1.48 in. (38 mm) 


+5V + 5% +5V + 5% 
-01, 02, -03 550 ma—Typical 250 ma—Typical 
-04 550 ma—Typical 
-05 870 ma—Typical 
-06, -07, -09 380 ma—Typical 
-08 620 ma—Typical 


Environment 

Operating Temperature 0°C to 50°C 0° to 70°C 

Storage Temperature —40°C to 85°C (except A65-905-09) —40°C to 85°C 

-20°C to 50°C (AG5-905-09)* 

Relative Humidity 0% to 85% (without condensation) 0% to 85% (without condensation) 
Interface Connections 

AIM 65 Expansion Connector 44 pin-edge receptacle 

(0.156 in. centers) 


Buffer Module to Cartridge 44 pin-edge connector 44 pin-edge receptacle 
(0.100 in. centers) (0.100 in. centers) 








Note: *~40°C to 85°C if the battery is not present. 
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AIM 65/40 MICROCOMPUTER FAMILY 
Modular Microcomputer Family With Wide OEM, Control Capabilities 


The AIM 65/40 modular microcomputer system allows 
functional steps up from the AIM 65 microcomputer in hard 
working blue collar applications, at very competitive prices. 
It also offers an extremely wide range of languages, 
controller options and.an operating system for even greater 
application: flexibility. 

The four basic modules of an AIM 65/40 include an 
R6502 based single board computer, an intelligent printer 


with 40 column alphanumerics and graphics capabilities, a _ 


40-character intelligent alpnanumeric VF display, and a full 
ASCII keyboard. It may be purchased as a complete set for 
end users or as separate modutes for OEM users. The 
printer and display. modules may be mounted remotely from 
the single board computer. 

Language ROMs include BASIC: interpreter and compiler, 
FORTH firmware and compiler. An assembler ROM, debug 
monitor and text editor ROMs, math package ROM add to 
the versatility. There are even disk operating systems. 





AIM 65/40 MICROCOMPUTER 
BOARD-LEVEL VERSION 


A video controfler module can be pre-configured onto the 
AIM 65/40 or can be used stand alone with other 
microprocessor based systems. It gives the AIM. 65/40 the 
ability to; command screen formatting, text handling and 
screen editing, plus full: graphics drawing and data display 
functions. When pre-configured, the AIM 65/40 comes with 
an extended keyboard that includes ‘cursor movement 


controls and a numeric keypad. - 


For desk top use, the AIM 65/40 comes in an attractive 


enclosure; including power supply and an expansion card 


cage which can accept any AM 65 Eurocard module. With 
its built-in features and expansion capabilities, the desk top 
AIM 65/40 can be any type of microcomputer system you 


: might need. 


‘Jn the’ blue collar family, the AIM 65/40 microcomputer 
provides more-power, greater flexibility,:for more 
applications. , 





AIM 65/40 MICROCOMPUTER 
PACKAGED VERSION 


AG5/40-8X15 
AIM 65/40 Microcomputer Family 


® _ ——(A65/40-8X15 


AIM 65/40 SERIES 8000 
Rockwell | MICROCOMPUTER SYSTEM 





FEATURES ; 
OVERVIEW ; ; 23 e Integrated, complete and expandable microcomputer system 
The AIM 65/40 Series 8000 Microcomputer System is a pow- —AIM 68/40 single board microcomputer with all its features 
erful, 8-bit R6502 CPU based microcomputer with a complete and populated with 48K bytes RAM and 24K bytes ROM 


complement of RAM, ROM and I/O capacity—packaged in an 
attractive professional desk-top enclosure and ready for use in 
a wide range of OEM and end-user applications. Four models 


keys and separate RESET and ATTN ke 
offer either a built-in 40-character single line display or an 80- nv = ‘ d parat ith tw ilable slot a ; 
character x 25 line video display controller with each display = Gere Cage Nv CENAIBD IE ts OL Use expansion 


model available with an internal graphics printer or a Centronics —RM 65 floppy disk controller for interfacing with up to four 
type printer interface. : . 5%" double- “density floppy disk drives 


— Internal Power supply with user expansion capacity 

Four models to choose from 

—Optional single line display or video display controller (VDC) 
‘— Optional graphics printer or Centronics printer interface 
Fully contained in attractive, professional enclosure 


—AIM 65/40 extended keyboard with 57-key main keyboard, 
15-key numeric and cursor control keyboard, 8 function 


ROM-based disk operating system, inputoutput functions, debug 
monitor, text editor, R6500 assembler, and BASIC interpreter 
provide both standalone software development capability and 
run-time environment. Application programs developed and/or 
executed on a Series 8000 microcomputer can meet require- 


ments for low cost, high performance applications such as data —Attractive, stylized two-piece design 
acquisition and logging, instrumentation, medical analysis, —Strong, injection molded ABS plastic construction 
environmental monitor, scientific calculation, and automatic test —Complementary two-tone color (sand with brown trim) 


equipment in office, laboratory, or light industrial environments. —Swing-open top for easy access to internal components 


— Separate floating keyboard assembly 
‘Hardware and software expansion options 
—RM 65 input/output; controller and memory modules 


—Disk- and ROM-based language assemblers, compilers 
and/or. interpreters se 


ROM-resident firmware for immediate operation 
—Bootstrap disk operating system (BDOS 1.0) 
— User accessible I/O subroutines 

— Debug monitor/text editor 

—R6500 assembler 

—8K BASIC interpreter 





ORDERING | INFORMATION 











Description 


AIM 65/40 with VDC, Extended Keyboard, 48K 
RAM, BASIC Interpreter, Assembler, BDOS 1.0, 
FOC &2 Expansion Slots 
Same: as A65/40-8215 with Graphics Printer 
AIM 85/40 with 40-Character Display, Extended 
. Keyboard, 48K RAM, BASIC Interpreter, 
‘Assembler, BDOS 1.0, FDC & 2 Expansion Slots 
' Samé'as A65/40-8415 with Graphics Printer 





| ABg/D-8216 

















A65/40-6315 
A65/40-B415 










AG5/40-8515 


A65/40-8515 Microcomputer System 








Document No. 29001D05 . Data Sheet Order No. D105 
8-3 April 1983 
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AIM 65/40 Series 8000 Microcomputer System 





HARDWARE DESCRIPTION 


The AIM 65/40 Series 8000 Microcomputer System is fully pack- 
aged in a two-unit injection-molded ABS plastic enclosure. The 
Main Unit houses the Single Board Computer (SBC) module, 
power supply, RM 65 4-Slot Card Cage and adapter, Single Line 
Display or Video Display Controller (VDC) module, Graphics 
Printer or Centronics Printer Interface adapter, and interconnect 


‘cabling. The hinged front pane! swings forward revealing internal: 


components thus allowing convenient switch setting and PROM/ 
ROM installation for custom applications. The rear section is 
easily removed.to access the RM.65.Card Cage for installation 
of RM 65 expansion modules..Cables.from external peripherals 
and equipment connect directly to connectors mounted on the 
back panel. 


The detached Keyboard Unit houses the AIM 65/40 Extended 
Keyboard and is ‘connected to the Main Unit by a retractable 
_cable for flexible positioning on the work surface. 


SBC Module 
The SBC module contains an R502 CPU, a1 MHz clock circuit, 


on-board ‘device decoders, Interrupt request priority circult, reset 


conditioning, 32K bytes PROM/ROM sockets and 48K bytes 
RAM. 24K bytes of ROM are installed with two 4K-byte sockets 
available for user PROM/ROM installation. All on-board memory 
may be enabled in 4K-byte blocks, yielding an optimal mix of 
on-board/oft-board memory and I/O to be addressed. The RAM 
may also be write-protected in 8K-byte segments. Dual bank 
addressing allows an additional 56K bytes of memory or VO to 
be accessed off-board. 


Video Display Controller (Models -8215 and -8315) 


The Video Display Controller (VDC) interfaces the SBC module 
to a CRT monitor by generating a composite video output signal 
which is routed to. a BNC. connector on the back panel. Con- 
trolled by a separate microprocessor, built-in commands in 


either text or graphics mode provide flexible text handling and 
screen editing as well as full graphics.line drawing and display 
functions. 


‘In the text mode, a screen format of 80 characters 24 lines 


is automatically selected. A 40 x 24 format is also available and 
other formats are user programmable. Eight pages of text are 
available in the 80 x 24. format with automatic page sizing for 
other formats. A 4K-byte character generator ROM contains bit 
patterns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 


‘numerals (including subscripts and superscripts), math and 


Greek symbols, common European letters, and semigraphic 
characters. 


The full graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the Graphics Printer. Line 
drawing commands move a pen and draw or erase lines using 
either relative or absolute position reference. Data byte capa- 
bility allows individual dots to be controlled using a 40 bytes per 
dot line-format (seven dots per byte). 


Graphics Printer (Models -8315 and -8515) 
The Graphics Printer is a dot matrix thermal pririter with two 


modes operation: text and graphics. In the text mode, up to 40 


characters | per line can be printed using 7 x 8 dot matrix char- 
acters. 256 pre-defined: upper and lower case letters, numbers 
including superscripts and subscripts, math symbols, and 
common European and Greek jetters are included in the con- 
troller ROM: Text is printed at a fast 240 lines per minute. In the 
graphics mode, ail 280 horizontal dots in a row are individually 
controlled, and any number of rows may be printed. 


The printer includes a dedicated microprocessor-based con- 
troller which operates the printer motor and thermal head timing 
and control functions independently from the SBC module thus 
relieving the SBC module from time consuming peripheral con- 
trol functions. 





A65/40-8515 Microcomputer System—Front Cover Open 
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AIM 65/40 Series 8000 Microcomputer System 








PARALLEL 
APPLICATION 


SERIAL . 
“AS.292¢ - 
CONNECTOR (J2) 


PRINTER 


CONNECTOR (J7) CONNECTOR (J1) 





INTERFACE AND 
APPLICATION 
Resst 


APPLICATION 
RA6S22 


CENTRONICS ~ 
‘PRINTER 
INTERFACE 
ADAPTER 
ON-BOARO 
DEVICE 
DECODER 


DEPENDENT 


CRYSTAL CONTROLLED 
1 MHz CLOCK 


AND TIMING 
cIRGUIT 


SPEAKER 
_. AMP. 


MODEL 
DEPENDENT 





INTERFACE 





; AUDIO/20 mA : COMPOSITE 
CURRENT LOOP FLOPPY DISK DRIVE VIDEO 
CONNECTOR (J3) CONNECTOR (J5) CONNECTOR (J4) 


- FLOPPY 
DISK CONTROLLER 
AND 4K 
6DOS 1.0 ROM 


- CASSETTE 
INTERFACE 


SYSTEM 
~ R6522 
VIA 


‘BANK 
SELECT 
SWITCHES 


ROM/RAM 
SELECT 
SWITCHES 
WRITE 
PROTECT | 
SWITCHES 


ASSEMBLER 


aK 
BASIC 
OMe 


8K DEBUG : 
MONITOR TEXTEK 
EDITOR ROM { 


aK 
10 => 
/. ROM t 
=~ an ab ap. aD = 
32K PROM/ROM 
_ SOCKETS" 





AUDIO 
‘CASSETTE 
INTERFACE 





MAIN ‘ 
ENCLOSURE 


NUMERIC 
‘& CURSOR 
CONTROL 
KEYBOARD (15) 








85 
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_AIM 65/40 Series 8000 Microcomputer System 





Parallel Application Connector (J1) Pin Assignments 


me [se | [eee 

1 CB2 Vie) NMOS 2 NC/+5V * Power 

3 CBI 1/0 NMOS. 4 GND Power 

5 PB7 /O NMOS 6 ; GND Power 

7 PBE 1/0 NMOS 8 : GNO Power 
9 PBS 1/0 NMOS 10. GND Power 
11 PB4. 1/0 NMOS 12. GND Power 
13 PB3 1/0 NMOS 14 GNO Power 
15 PB2 Vie) NMOS 16 GNO Power 
7 PB1 WO NMOS 18 GND Power 
19 PBO 1/0 NMOS 20 GND Power 
21 PA7 1/0 NMOS 22. GNO Power 
23 PAG Fie) NMOS 24 GND Power 
25 PA5 1/0 NMOS 26 GND Power 
27 PA4 1/0 NMOS 28 GND Power 
29 PA3 1/0 NMOS 30 GND Power 
31 PA2 1/0 NMOS 32 GND Power 
33 PAI 1/0 NMOS. 34 GND Power 
35 PAQ 1/0 NMOS 36 GND Power 
37 CA2 /0 NMOS 38 GND: . Power 
39 CA1 1! NMOS 40 NC/+5V* _ Power 


Note: *Pins 2 and'40 can be opinally jumpered to +5V (maximum current through each pin should not exceed. 200 mA). 





Serial RS-232C — Connector (J2) Pin Assignment 


RS-232C 
RS-232C 
| RS-232C 
RS-232C 
RS-232C 


Power 
RS-232C 
RS-232C 
Power 


RS-232C 


Floppy Disk Drive Connector (J5) Pin ee 


STEP PULSE - 
WRITE DATA 

WRITE GATE. 

TRACK ZERO 
WRITE PROTECTED 
READ DATA 
2ND SIDE SELECT 
NC 


DRIVE SELECT #4 
INDEX — 
DRIVE SELECT #1 


DRIVE SELECT #2 
DRIVE SELECT #3 
MOTOR ON 
DIRECTION IN 


‘Notes: 1. 5%” floppy disk drive interface. 
2. NC = No connection. 
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Audio/20 mA Current Loop Connector (J3) Pin Assignments 


es re ae (te [rs ete 


TTY ATS 
TTY TD 

TTY RD 

TTY RTN 

AUDIO OUT . 

AUDIO IN 
CTRL 2 ATN 
CTAL 2 
CTRL 1 ATN 
CTAL 1 





Printer Connector (J7) Pin Assignments 


Co = 


STROBE 
DATA 1 
DATA 2 
DATA 3 
DATA 4 
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Centronics Printer Interface . 
(Models -8215 and -B415) | 


The. Centronics Printer Interface.connector adapter buffers the 
extemal printer output signals.from the SBC. module’ and routes 
the signals to the’ ‘Printer ponnector | on the back panel. 


40-Character Display (Models -8415 and -8515) 


The 40-Character Display includes a vacuum fluorescent dis- 
play and a dedicated microprocessor-based controller. The 
vacuum fluorescent display is-a single sealed. unit containing 40 
‘separately controllable digits. Each digit is composed of a 16- 
segment font which illuminates a full set of upper case alpha- 

" betics, numerics, and special characters. In the semi-graphics 

_mode, the-16 segments for each: digit ate individually controtied. 
‘In addition, ‘each digit includes a separate decimal point. When 
energized, the. digits ‘form. bright, Crisp characters in a blue- 
green color 


Extended Keyboard 


The Extended Keyboard contains a 57-key full-size termirial 
style alphanumeric keyboard with locking SHIFT key, a 15-key 


Numeric and cursor control keyboard, eight function keys, and’ 


separate RESET and ATTN keys. 


SOFTWARE DESCRIPTION 


‘Standard ROM-based software in the Series 8000 Microcorn- 
puter System provides either.immediate development capability 
in BASIC and R6500 assembly. language or automatic appli- 

_ cation program startup in a run- -time environment. Program ini- 

‘tiation. can be performed . either in a PROM/ROM-based 

application program or in RAM’ after an automatically initiated 


load of the application program ‘from floppy disk: The Power 


installed. in each Series 8000 systems are: 


e AIM’ 65/40. VO ROM 

° ‘AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1,0) _ 

AIM 65/40 Debug Monitor/Text Editor 

e AIM 65/40 BASIC Interpreter. 

eo AIM 65/40 Assembler 





0 ROM 


The VO ROM includes preprogrammed auto-start initialization, 
interiupt, input/output and utility” functions. which SppOr user- 
optional firmware/software. Auto-start initialization jum ps to: pre- 
determined: PROM/ROM addresses ‘during RESET processing. 
The application program can assume direct control of the system 
for continued operation, or it can just initialize required functions, 
then return control back to the YO ROM for continued auto-start 


of other functions. VO drivers directly support intelligent display: 


and _ printer peripherals: Other drivers support the AS-232C/ 
-20MA interfaces and the audio cassette ports, and contro} the 
on- board speakers. 


BDOS 1.0 


The BDOS'1.0 ROM provides disk:and file management func- 
tions as well as automatic loading of a bootstrap loader. from 
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disk for load and go program. execution. BDOS functions open, 
close, read and write program ‘and data files under operator or 
program control. User-friendly prompts, displayed at the Debug 
Monitor, Text Editor, BASIC, and Assembler. command level 


‘messages, simplify operator initiation and monitoring of disk and 


file operations. Disk-oriented functions include format a disk and 
list the directory for all files on-the disk. File-oriented functions 
include list, delete and recover a named file.. 


When the BASIC ROMs are installed, the microcomputer auto- 
matically initializes to the BASIC command tevel unless over- 
ridden by an application program auto-start sequence. Easy 
entry to the Debug Monitor and Text Editor command levels 
allow machine level! debugging, assembler selection and text’ 
entry/editing. 


Debug Monitor/Text Editor ROMs 
The Debug Monitor/Text Editor includes a wide selection of _ 


functions to.simplify computer program entry and checkout. Text 


can be easily entered, edited, saved and retrieved using either 
line- or s¢reen-oriented commands in the Text Editor. A char- 
acter cursor can be positioned lett, right, up, or down to aid char- 
acter insertion, addition, and deletion. Automatic and selective 
character string change capability makes block changes as: 
desired. Multiple text buffers can easily be maintained for sep- 
arate progam: and ‘data files. : 


The. Debug Monitor controls program execution in single step 
and run modes and allows convenient examination and altering 


of. memory and registers. Single step mode disdassembies - 


instructions and traces register contents upon command ‘for 
detail examination of program operation. Symbol level debug- 
ging reduces dependence on absolute addresses and simplifies 
program checkout. Command string capability allows command 
sequences. to be chained and easily repeated... 


BASIC ROMs 


The 8K Microsott- -developed -BASIC interpreter implements an 
industry standard high level language which is simple but pow- 
erful and is commonly used: in industry, science and. schools. 


BASIC operates in one of two modes, development and run- 
time. In the. development mode, BASIC statements are ehtered 
and executed as-either direct or indirect commands. Direct com~ 
mands are executed upon entry to provide: ‘immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number . cand are executed ‘upon RUN ‘command entry or 
application : ‘program auto-start initialization. Indirect statements 
can also be Joaded into:the Text Editor for entry into BASIC to 
simplify: program editing. The ‘microcomputer peripherals, ie., 
keyboard, 40-character single line display/video display and 
printer, are used in: the development made to enter statements, 
to list entered indirect Statements and to display/print execution 
results. | ; 


Assembler ROM 


The assembler translates computer program-instructions written 
in RG500 assembly language for the 6502 microprocessor into 
machine code that will operate. either in the Series 8000 Micro- 
computer System or in any 65XX CPU-based microcomputer: 
Operating Options are ‘selected interactively by the operator 
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upon assembly command. These options specify source code 
device, object code device, symbol table location, full assembly 
or errors only output listing. and output listing device. A repeat 
command invokes the assembly according to previously com- 
manded options’ for rapid setup during program debugging; 
editing and reassembly. Memory to memory assembly is sup- 
ported to speed program generation. 


~ AIM 65/40 Series 8000 Microcomputer System 


SOFTWARE OPTIONS 


Description 


Disk-Based”? 
AG5/40-7012 . 
A65-40/7024. 
A65/40-7052 

ROM-Based 
A65/40-7040 
A65/40-7050 


AIM 65/40 Macro Assembler and Linking Loader 
AIM 65/40 BASIC Compiler 
AIM 65/40 FORTH Gormpiler 


AIM 65/40 Math Package ROM. 
AIM 65/40 FORTH ROMs 


Note: Provided a 5%4-inch double- “density floppy disk’ compatible 














MEMORY. MAP with AIM-65/40 BDOS 1.0: 
. . . BANK 0 BANK 1: 
BEEF AIM 65/40 0 ROM COMMON TO. 
Fooo | . ‘VO ROM (1) — FOOO ; BOTH BANKS _ 
AIM 65/40 
























E00 | BDOS 1.0 ROM 


povo AIM 65/40 
BASIC ROMs 


C000 


AIM 65/40 - 
‘DEBUG/MONITOR - 
‘& TEXT EDITOR ROMs (2) 


Bo00 


. A000 





AIM. 65/40 


9000 _ASSEMBLER FROM (2) 


8000 


Cee een en ee ee 


7000 


6000 ON-BOARD 
48K ARAM 


5000 
4000 Be ee mee oe, a tek, ee em 


3000 


2000 


OPTIONAL LANGUAGE 
AND RM 65 MO MODULE. FIRMWARE VARIABLES $ (3) 


VO & MONITOR VARIABLES __ 








PAGE ZERO DATA”. 
Software Memory Map 


Notes: (1) AIM 65/40 System peripheral I/O addresses are assigned 


to FF80-FFDF. 
(2) User available during application program operation. 


(3) User available if the optional language and the RM 65 


expansion module ROMs are not used. 


ON-BOARD 
PROM/ROM 
DEDICATED 
TO BANK 0 


coo00 
| 
l 
| 
8000 | 
ON-BOARD 
RAM 
DEDICATED TO 
BANK 0 
' OR 


COMMON TO 
_BOTH BANKS 


| 
| 
| 
| 


1000 


ON-BOARD 
RAM 
COMMON TO: 
BOTH BANKS 





Banking Memory Map 





A65/40-8x15 





SPECIFICATIONS 


Dimensions 


Main Enclosure 
Width 
Length 
Height 

Keyboard Enclosure 
Width 
Length. 
Height 


Environment 


Operating: Temperature. 


With Printer 
Without Printer 


Storage Temperature 
With Printer 
Without Printer 

Relative Humidity 


Electrical 
Interface Connectors 
(Back Panel) 
Jt (Parallel 
Application) 
J2 (Serial AS-232C 
Application) 


AIM 65/40 Series 8000 Microcomputer System 


17.00 in. (43.2 cm) 
7.75 in. (19.7 cm) 
2.26 in. ( 5.8 cm) 


17.00 in. (43.2 em) 
17.68 in. (44.9.cm) 
6.00 in. (15.2 cm) 


0°C to 50°C 
0°C to 70°C 


0°C to 70°C 
—25°C to 86°C 


0% to 85% (without condensation) 





40-pin mass terminated connector 
(3M #341 7-7040 or equivalent) 


25- -pin- Delta connector © 
3M#3482-1000 or equivalent) 


Parameter 


"Electrical (cont. ) 


J3 (Audio/20 mA 
Current Loop) 


J4 (Composite Video) 
JS (Floppy Disk Drive) 
7 (Printer) 


AC Power Connection 
~ Power Connector 


Power Cord 
Type 
Length 
Rating 
Line End 


Microcomputer End 
AC Power Requirement 
Input Voltage 
Fuse 


A65/40-6515 Microcomputer System—Back Panél 








: Vaiue 


20-pin. mass terminated connector ” 
(3M#9421 -7020 or. equivalent) 
ACA BNC. type. ee : 
(Allied #60BB or equivalent) 


34-pin mass terminated connector 
(3M#3414-6034 or equivalent) 


 36-pin mass terminated connector 


3M#3366-1001 or equivalent 


3 “Prong Recessed: Grounding Plug 
(NEMA 5§- “15P) 


Detachable, 3-Conductor 

6 Feet 

125 Vac; 15A Service. 

Molded Vinyt Grounding Plug 
(NEMA 5-15P). 

Molded Vinyl Grounding Receptacle 


115 Vac +10%, 47-63 Hz 


230 Vac, 3A, Slo-Blo 





ge 


Rockwell 


OVE RVIEW 


The AIM 65/40 microcomputer. integrates the AIM 65/40 mod- 
ular components—Single Board Computer (SBC), 40-Character 
Display or Video Display Controller (VDC) module, Graphics 
Printer, and a. Standard or Extended Keyboard—into a com- 
plete self-contained system including an application-oriented 
© ROM and a ROM resident operator-orlented Debug Monitor/ 
Text Editor. The display and. printer modules are mounted onto 
the SBC while the keyboard is detached—all peripherats are 
connected through removable 40-conductor ribbon cables. The 
peripherals can easily be ‘telocated to other positions to satisty 
unique Installation requirements, 


In its integrated form, a desk-top installation of the AIM-65/40 
microcomputer system can perform a wide range of specialized 
data acquisition, data reduction, control, and monitor functions 
in either OEM or end-user configurations. As a development 
tool, the system can support software developed in either 
assembly or. high level language. for operation in AIM 65/40 or 
RM 65 based microcomputers at a fraction of the cost of other 
systems. 


AS an advanced generation of the popular AIM 65 microcom- 
puter, the separate AIM 65/40 assemblies provide increased 
processing throughput, improved keyboard, display and printer 
modules, and expanded application interfaces. The 6502 CPU- 
based AIM 65 Single Board Computer, with a full address com- 
plement of memory capacity on-board, extremely flexible /O, 


and interrupt driven /O handlers in firmware, is the heart of the - 
AIM 65/40 microcomputer system, The AJM 65 Graphics Printer, _ 
with its separate microcomputer controller, prints 40 columns 


of characters using a complete set of upper and lower case 
alphabetic, numeric, semi- gfaphic, and special characters in the 
text mode at 240 lines per. minute, and also provides: a full 
graphics mode of 280 dots by n rows. The AIM 65/40-Character 
Display, with its own microprocessor-based controller, features 
an easy-to-read fluorescent display, and provides a full comple- 
ment of alphanumeric and special characters as well as internal 


editing; scrolling, | and blinking functions. The terminat-style. AIM 


65 Standard Keyboard. contains a full-size ‘main keyboard plus 
a separate row of eight dedicated function keys and isolated 
RESET. and ATTN keys. 


The system comes with a 4K-byte I/O. ROM arid an 8K-byte 
interactive debug monitor and text. editor:. ‘Optional assembler 
and common high level tanguage compilers/interpreters improve 
programmer productivity, increase program reliability, and sim- 
plify program maintenance. ROM-based firmware includes a 
disk operating systam, symbolic assembler, universally accepted 
BASIC interpreter, and a highly efficient FORTH system with 
resident compiler, interpreter, and macro assembler. Optional 
disk-based software includes a macro assembler, BASIC com- 
piler and FORTH target compiler. 


A65/40-2000, -3000, -4000, -5000 
AIM 65/40 Microcomputer Family 


AG5/40-2000, -3000, -4000 and -5000 


AIM 65/40 MICROCOMPUTER 





FEATURES 


e Single Board Computer with extensive memory and I/O 

—6502 CPU . 

—131K addressing, in Two 65K-byte banks 

— Up to 48K-bytes of on-board RAM, with write-protect 

— Up to 32K-bytes of on-board PROM or ROM 

—User-Prioritized Interrupts, up to six levels 

— User-Dedicated paraliel I/O interface 

— User-Dedicated RS-232C serial interface 

— Audio cassette/TTY (20 mA current) interface 

—RM 65 bus expansion interface 

Graphics Printer 

— Text mode provides upper/lower case alphanumerics, Math, 
and Special Characters at 240 lines/minute 

— Full graphics mode provides 280-dot resolution . 

— Quiet, reliable thermal operation 

40-Character Display 

—Full upper case alphanumeric and special characters 

— Bright, crisp vacuum fluorescent display 

— Display, edit, auto-scroll, and character blinking functions 

Full-Size Terminal-Style Standard Keyboard 

—57 keys, including locking ALL CAPS key 

— Eight user function keys, plus ATTN and RESET 

0 ROM 

—Auto-start initialization 

—Interrupt-driven peripheral /O handling 

—RAM vectored I/O with expansion hooks 

— General purpose I/O and utility subroutines 

ROM-Resident Interactive Debug Monitor 

—Accepts instructions in mnemonic form 

—Machine level debug functions 

—Command file for automatic command execution 


_@ ROM-Resident Text Editor 


—Line and screen oriented commands 

—Read, list, insert, delete functions 

— Cursor control functions 

— Automatic and manual block change functions 
° Extensive Documentation 

— Comprehensive user's manual 

—l/(O ROM and Monitor/Editor assembly listings 

— Programming and hardware manual 

— Summary booklet and wall schematic 
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AIM. 65/40 Microcomputer 











A65/40-5000 AIM 65/40 Microcomputer 


ORDERING INFORMATION 


Microcomputers 


[Fertwo—] Desorpi 


A65/40-2000 AIM 65/40 SBC with 32K RAM, Monitor 
: ’ ROMs, Extended Keyboard, and VDC 

Module. 

‘AIM 65/40 SBC with 32K RAM, Monitor 

* ROMs, Extended Keyboard, VDC Module &. 
Graphics Printer 

AIM 65/40 SBC with 32K RAM Monitor ROMs, . 
Standard Keyboard and 40 Char. Display 

AIM 65/40 with 32K RAM Monitor ROMs, 
Standard Keyboard, 40 Char. Display and 
_Grephics Printer 
















" AG5/40-3000 






| A65/40-4000 







"| A@5/40-5000 


Firmware Options » 


[Pecna[____Bevorntion 


~ | A65/40-7010 
| A65/40-7020 
A65/40-7040 


AIM 65/40 Assembler ROM 

AIM 65/40 BASIC Interpreter ROMs 

AIM 65/40 Math Package ROM 

AIM 65/40 FORTH ROMs __ 

AIM 65/40 Disk Operating System Version 1.0 - 
(DOS 1.0) ROM 

AIM 65/40 Bootstrap Disk Operating System ~ 
Version 1.0 (BDOS 1:0) ROM 


‘| A65/40-7050 
A65/40-7090'° 


A65/40-7092 





Software Options (5%4” Disks) 


[rwtne [Description 


‘| A65/40-7012 AIM 65/40 Macro Assembler and ‘Linking 
Loader‘) 

AIM 65/40 BASIC Compiler Disk'?) 

"AIM 65/40 FORTH Target comple 


| A65/40-7024 
AG5/40-7052 - 


Notes: 
“11. Requires RM 65 FDC Module (RM65-5101E) and A65/40-7092 
: | BDOS1.0ROM. . 
-- 72. Requires RM 65 FOC Module (RM65- 5101 E)'and either 
A65/40-7090 DOS 1.0 or A65/40-7092 BDOS. 1.0 ROM. 





FUNCTIONAL DESCRIPTION 7 


SINGLE BOARD COMPUTER (SBC) MODULE 


The A65/40-1000 ‘SBC Module contains an 6502 CPU, a-1 

MHz clock circuit, on-board: device decoders, Interrupt request . 
priority circuit; reset conditioning, and both PROM/ROM and 

RAM memory. On-board sockets accept. up to 65K bytes of 

read-only and read/write memory. Up to 32K -bytes of. PROM/ 
ROM and up to 48K bytes of RAM may be installed. All on-board: 
memory may be enabled in 4K- -byte blocks, yielding an optimal 

mix of on-board/off-board memory and I/O to be addressed. The 
RAM may also be write-protected in 8K-byte:segments. Dual 

bank addressing allows an ‘additional 56K bytes of memory or 
/O to be accessed off-board, 


The SBC module is connected by removable cables to the 40-. 
Character Display and the Graphics Printer over identical Cen- 
tronics type parallel handshaking interfaces. The SBC is also 
connected to the Standard Keyboard through a ramovable inter- 
face cable. These peripheral ports may be also used as general 
purpose bi-directional data ports with parallel, serial, interrupt, 

and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 


A separate user-dedicated R6522 VIA interfaces with the Par- 
allel /O Connector. The high current drive capacity of the VIA's 
eight “B” port lines can directly drive many industry-standard 
devices, such as solid state relays. The RS-232C connector 
provides an interface that allows the SBC to function as.a data 
set or data terminal. An Audio/TTY Connector interfaces to one 
or two audio cassette recorders and to a 20 mA current loop 
serial interface. 


An Expansion Connector extends the system bus to Rockwell 
RM 65 bus compatible mernory, V/O, or peripheral controller 
modules. Up to six levels of: interrupt priority may be assigned 
to on-board and off-board: peripherals: 


STANDARD KEYBOARD 


The A65/40-0200 Standard Keyboard i is a full-size terminal style 
alphanumeric keyboard containing 66 momentary contact single 


pole single throw (SPST) keys and one locking SPST key. The 


keyboard. has a complement of 63 momentary: contact Keys in 
an 8 x9 matrix with nine positions urjused. An ALL CAPS 
locking key is also in this matrix. Nine strobe and eight return. 
lines are used to determine which key is pressed. Three 
momentary contact keys—-RESET, ATTN, and PAPER FEED 
are outside of the keyboard. matrix.: These: ‘key’ switches have 


dedicated returns. 


EXTENDED KEYBOARD . 
The A65/40-0210 Extended Keyboard has the. added features 


‘of an industry standard numeric keyboard and cursor control 
‘keys, 
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PARALLEL I/O 


AS-232C 


CONNECTOR (J1) CONNECTOR (Je) 


APPLICATION 
R6522 
VIA 


PROM/ F 

SELECT 

SWITCHES 
RAM 


SELECT 
SWITCHES 

{BANK 

SELECT 


PROTECT 
SWITCHES 


RM 65 BUS 


- APPLICATION. 
ACIA 


APPLICATION 
Via 


KEYBOARD 
VIA 


WRITE 
PROTECT 


VOLTAGE 
CONVERTER 


AUDIO 
CASSETTE 


RS-2326 
INTERFACE 


APPLICATION 
Réss1 
ACIA 


ON-BOARD 
DEVICE 
DECODER 


SINGLE 
‘STEP 
CIRCUIT 


INTERRUPT 
PRIORITY 
HEADER 


INTERRUPT 
PRIORITY 
MASK 


SYSTEM | 
R6522 


INTERFACE 


A65/40-1000 
SBC MODULE 


PRINTER 
CONNECTOR (15) 


KEYBOARD 
CONNECTOR (J7) 


A65/40-0600 
GRAPHICS 
PRINTER 


CONNECTOR (J3) 


KEYBOARD 
R6522 


A85/40-0200 
STANDARD KEYBOARD 
OR A65/40-0210 
EXTENDED KEYSOARD 


AIM 


EXPANSION 
CONNECTOR (14) 


AUDIO/TTY 


AM 85 BUS 
EXPANSION | 
DAIVERS 


SYSTEM 
BUS 
BUFFERS 


DYNAMIC 
RAM 
(UP TO 48K} 


RAM REFRESH. 
AND TIMING fc 
CONTROL 


SYSTEM 
CLOCK 
PROM/ROM 


SIZE 
JUMPERS 


PROM/ROM 
{UP TO 32K) 


SPEAKER 
AMPLIFIER 


DISPLAY 
CONNECTOR (J) 


465/401-0400 
40-CHAR. DISPLAY 
OR A65/40-0800 
VIDEO DISPLAY 
CONTROLLER 
MODULE 


AIM 65/40 System Block Diagram 
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GRAPHICS PRINTER 
The A65/40-0600 Graphics Printer includes a dot matrix thermal 


printer mechanism, a microcomputer controller, thermal head. 


drivers, and motor/strobe timing circuitry. 


The printer mechanism includes a thermal head, platen, ‘motor 


drive linkage, and associated wiring. There are 40 thermal, ele- 


ments on the thermal head, each of which spans seven dot 


fields; each.element is a discrete point which rides against heat 


sensitive paper. Control logic turns on the thermal head drivers 
to heat the sensitized paper when a dot is to be printed. During 
a print cycle, the thermal head moves horizontally across the 
paper; when an entire row of dots has been printed; the printer 
motor advances the platen by one horizontal row of dots. 


The printer controller includes an R6504 CPU, 4K-byte ROM, 
RAM, 1/O, timer, clock, and reset circuitry. The ROM contains 
both the CPU instructions and the individua! character bit pat- 
terns. The controller performs printer motor and thermal head 
tlming and control functions to enable the printer to operate 
independently from the SBC module. 


Data and control commands are transmitted. to the printer over 


the Centronics type parallel handshake interface. An internal | 


buffer accepts up to 80 bytes for printing. The controller auto- 
matically prints the first. 40 7 x 8 dot-matrix characters in the text 
mode or after receiving a row of 280 dots in the graphics mode. 
The paper can also be advanced with a: paper feed command, 
of manually using the paper feed switch. 


40-CHARACTER DISPLAY 


The A65/40-0400. 40- Character Display. contains a vacuum flu- 
orescent display, a microprocessor-based controller, a 2K-byte 
character font/program ROM, character’and segment drivers, 
and a DC/DC power converter. The vacuum fluorescent display 
is a single sealed unit containing: 40 separately controllable 
digits. Each digit is composed of a 1 6-segment font which allows 
a full set of upper case alphabetics, numerics, and special char- 
acters to be displayed. In the semi- graphics made, the 16 seg- 
ments of each digit are individually controlled. In addition, each 
digit includes a separate decimal point. When energized, the 
digits form bright, crisp characters in a.blue-green color. 


VIDEO DISPLAY CONTROLLER (VDC) MODULE 


The A65/40-0800 Video Display: Controller (VDC) module inter- 
faces the AIM 65/40 microcomputer:to either a CRT monitor or 
TV receiver. The module connects to the AIM 65/40 SBC module 
display connector (J5). and interfaces fo the display through 
either the composite video output or the separate HSYNC, 
VSYNC, and VIDEO output TTL compatible signals. With its 
integral microcomputer controller, built-in commands provide 
selectable and programmable screen formatting, flexible text 
handling and editing, and full graphics drawing and data display 
functions. In the text mode, preprogrammed formats of 80 char- 
acters x 24 lines or 40 characters x 24 lines are selectable. 
Other formats are user programmable. The full graphics rode 
incorporates bit mapping of 280 x 224 pixels, which is compat- 
ible with the Graphics Printer. 
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VO ROM 


The I/O ROM includes preprogrammed auto-start initialization, 
interrupt, input/output and utility functions which support user- 
defined programs as well as AIM-65/40 optional firmware/soft- 
ware. Auto-start initialization jumps to predetermined PROM/ 
ROM addresses during RESET ‘processing. The apptication pro- 


-gram can assume direct control of the. system for continued 


operation, or it can just initialize required functions, then return 
control back to the (0 ROM for continued, auto-start of other 
functions. 


VO drivers directly support AIM 65/40. intelligent display and 
printer peripherals. Other drivers: support’ the RS-232C/TTY 


-interfaces, the audio: casei ports and: ‘control the on-board 


speaker. 


DEBUG MONITOR/TEXT EDITOR 


The Debug Monitor/Text Editor includes a wide selection of func- 
tions to simplify computer program entry and checkout. Text can 
be easily entered, edited, saved, and retrieved using either line 
or screen-oriented commands jin the Text Editor. A character 
cursor can be positioned left, right, up, or down to aid character 
insertion, addition, and deletion. Automatic and selective char- 
acter string change capability makes block-changes as desired. 
Muitiple text buffers can easily be maintained for separate pro- 
gram and data files. 


The Debug Monitor controis program execution in single- step 
and run modes and allows convenient examination and altering 
of memory and registers. Single step operation Allows instruc- 
tion and register trace for detail examination of executed instruc- 
tions. Symbol level debugging reduces dependence on absolute 
addresses and simplifies program checkout. - 











A65/40-2000, -3000, -4000 and -5000 - AIM 65/40 Microcomputer 


DEBUG MONITOR: COMMANDS ‘Load/Dump Memory 


Monitor Control Commands L “ Load Memory 
D “. -Dump Memory 
F 


CTRL RESET Enter. and initialize Monitor (Cold Reset) Verify Memory. 


RESET Enter Monitor (Warm, Reset): Py: 

ATTN Non-Maskable interrupt Peripheral Control 

ESC Escape to Monitor’ Command Level ; 

E Initialize Text Buffer and Enter Text Editor CTRLP Toggle Auto-Print On/Off 

c Recover Text Butfer and Enter Text Editor PRINT Print Display Gontents 

T Reenter. Text Editor 1 Toggle Recorder 1 Control On/Off _ 
Fi - F8 Enter Function 1 - Function 8 2 Toggle Recorder 2 Control On/Off 
+ Repeat Last Command 3 Verify Tape Checksum 

& a Execufé Command String 

oO Toggle Memory Bank Screen Oriented Commands 

CTALZ  . Direct Peripheral Contra! : ‘ 
CTRLZCTRALZ SBC Module RAM Self Test F1 (or CTRL Q)) = Home Cursor on Line 

CTRL C Clear Display And Home Cursor F2 (of CTRL RA) -- Clear Line to Right. 

CTAL N Home Gursor F3(orCTRLS) Toggle Insert Made On/Off 

F4(orCTRLT). Delete Character Under Cursor. 

pe dla Registers. mn Lt F5 (or CTRL U). Move Cursor Left (Left Arrow) 

, F6 (or CTRL V). + Move Cursor Right (Right Arrow) - 
A ‘ Dispiay Register Contents F7 (or CTRL W} = Mave Line/Cursar Down (Down Arrow) 
A” Display/Atier Accumulator F& (or CTRL X) Move Line/Cursor Up (Up Arrow) 
P a, Display/Alter Processor Status CTRLA Add (Insert) a Line 

s “Display/Alter’ Stack Pointer CTRLB ‘Break a Line 

x «.” Display/Atter X Register CTRL D ‘. Delete a Line 
Y  (Display/Alter’y Register-~ a” 


oe Dispiay/Ater Program Caunter.*- 


TEXT EDITOR COMMANDS 


Display/Alter Memory Editor Control Commands 


M ‘Display Selected Memory Contents : . 
SPACE Display Higher Memory Locations | s EMer Sefeen edit Mode ; 
"¢ Display Lower Memory Leeationa Q Quit Editor and Enter Monitor 
/ ee Alter Current Memory Contents ESC Return to Editor Command Level 
: + Repeat Last Command 
. ‘ CTRL C Clear Display and Home Cursor 
r/Disassemble Instr 
Enter/Disassemble Instructions CTALN Nome Circoe 


I Enter Mnemonic Instruction 
K Disassemble Memory 
; Enter Symbolic Address 


Line Oriented Commands 


Go up Multiple Lines 
Go down Multiple. Lines 
Go to Top Line 


i j : Go to Bottom Line 
Display Breakpoints : All 
Clear Breakpoints F7 (or CTRL W) ~=Go Down One Line 


Toggle Breakpoint Enable On/Oft F8 {or CTRL. X), Go Up One Line 
Set Breakpoint 


Breakpoint Manipulation 


L List Multiple Lines, 
ExecionTrace ee 

(@) Overlay Current Line 
G Execute Program Pee naar 
Z Toggle renee Trace as Delete Muttiple Lines 
J Display Register Heading (SPACE) Display Comrenb bie ‘ 
H Display Jump and Branch History : Piast seattle ia Last Line Addresses 
Vv Toggle Symbol Table Or/Oft a lee eersinie baths 

D 

aE 

B 


Of * -v 
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DEVELOPMENT MOOE 


AIM 65/40 
1/0 ROM (1) 
AIM 65/40 
BDOS 1.0 ROM (4) 


- OPTIONAL AIM 65/40 
HIGH LEVEL LANGUAGE ROMs (3) 


| 


FFFF 











Food 


E000 


0000 


cooo 






AIM65/40 
DEBUG/MONITOR 
& TEXT EDITOR ROMs (2) 


AIM 65/40 
ASSEMBLER AOM 








6000 
§000 _USER AVAILABLE 
4000 


3000 


2000 


‘OPTIONAL LANGUAGES (3) 


AM 65 RAM (3) 
MONITOR RAM (2) 





PAGE ZERO DATA 


ON-BOARD 
PROM/ROM & RAM 


RUN-TIME MODE 
FFFF 
AIM 65/40 
enn VO ROM (1) 
1, 4 
rn BDOS l ROM (4) 


FFFF{ 


PROM/ROM 
EXPANSION 
(28K) 


OPTIONAL AIM 65/40 - 
HIGH LEVEL LANGUAGE ROMs (3) 


poco 


co0o 


A000 
9000 
8000 
7000 
6000 }. 


USER AVAILABLE 


6000 


1000 
800 = * 
600 OPTIONAL LANGUAGES (3) 

- 500 _RM 65 RAM (3)_ 4 

- 200 





0 PAGE ZERO DATA 
Notes: : : 
(1) AIM 65/40 System peripheral VO addresses are assigned ‘to 
FFBO-FFEDF. 


(2) User available during application program operation tf the debug 
and text editor functions are not used. 


(3) User available tf ihe optional language and the RM 65 expansion 
module ROMs are not used. 


(4) Requires AM65-5101E Floppy Disk Controller (FDC) module 


(5) 56K bytes of RAM (0 - $DFFF) is available for disk-based 
assembier‘compilers and user programs. /}© ROM and 8DOS 1.0 
ROM require 8K bytes (SEOQ0-SFFFF). : 


AIM 65/40 SBC Memory Map 
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12K 











RAM 
COMMON TO 
BOTH BANKS 

(4K) 


PROM/ROM 
DEDICATED TO 
BANK 0 OR 
COMMON TO 
BOTH BANKS 
(20K) 


RAM 
DEDICATED TO 
BANK 0 OR 
COMMON TO 
BOTH BANKS 
(44K) 


ROM & I/O 
COMMON TO 
BOTH BANKS 

(4K): 
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SBC Module Connector J1 (Parallel Application) Pin Assignments 





Note: *Pins 2 and 40.can be optionally jumpered to +5V (maximum current through each pin should not exceed’ 200 mA). 


SBC. Module Connector J2 
(Serial Application) Pin Assignment 


‘Power TD > | RS-232C 
RS-232C RS-232C 
RS-232C RS-232C 
Power | RS-232C 


RS-232C 
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NC/+5V" 
GND 
GND 
GND 
GND 
GND 
GND 
GND . 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
NC/+5V* 


SBC Module Connector J3 
(Audio/TTY) Pin Assignments 


TTY RTS~ 
TTY TD 
TTY RD 
TTY RTN 


AUDIO OUT. - 


AUDIO IN 
CTRL 2 RTN 
CTRL 2 
CTRL 1 ATN 
CTRL 1 
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Signal 





Mnemonic |- 


+5V 
f. GND 
| BADR/ 
GND - 
‘BAS, 
| BAI1/ 
| BAIO 
BAB/ 
a-| GND 
‘] BAS) 
+ BAY 
* BA2/ 
BAO/ 
GND 
_BSO 
+) -BRDY 


+12V/+V 


| GND 
BDMT/ 


BR/W/ 


GND 
BIRQ/ 
B¢2/ 
Bd2 
BD7/ 
GND 
BD4/ 
 BD2/ 
BD1/ 
“+5V 
+5V 


SBC Module Connector J4 (R 


Signal Name 
Not Connected © 


+5 Vde Line (See Note) 
Ground ° 


- Buffered Bank Address 
Ground 


Buffered Address Bit 13 
Buffered Address Bit 11 


“Buffered Address Bit 10 


Buffered Address Bit 8 
Ground 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address: Bit 2 
Buffered Address Bit 0 
Ground 
Buffered Set Overflow 
Buffered Ready 
"User Spare 1 
"+12 Vde/+V 
Ground Line 
“Buffered DMA Terminate 
*User Spare 3 
Buffered Read/Write “Not” 
*System Spare 
Ground 
Buffered Interrupt Request 
Buffered Phase 2 “Not” Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 
Buffered-Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 


+5 Vde 


+5 Vde (See Note) 
Not Connected 


‘Note: *Not used on the SBC. Signal name reflects RM 65 Bus reserved function. 


09000 0000.0 


+5V 
+5V 
BA15/ 
BA14/ 

4c | BA12/ 

¢ | GND 
BAg/ 
BA7/ 
BAG/ 
BA4 
GND 
BA1/ 
Be1 
BSYNC 
BDRQ1/ 
GND 
-12V/-V 


BFLT/ . 
Boo 
GND 
BDRQ2/ 
BR/AW 
BACT/ 
BNMI 
GND 
BRES/ 
BD6/ 
BD5/ 
BD3/ 

| GND 
‘BDO/ 
GND 
+5V 
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M 65 Bus) Pin Assignments __ 


oe |e ’ Bottom (Solder Side) z 


ae Signal | . 
Type Mnemonic 
4 _— We . 


- Not Connected 


“AIM.65/40 Microcomputer 


‘Top (Component Side) 





Signal Name 


+5 Vde (See Note) 

+5 Vde 

Buffered Address Bit 15 
Buffered Address Bit 14 

Buffered Address Bit 12 
Ground 
Buffered Address Bit 9 
Buffered Address Bit 7 
Bufferéd Address Bit 6 
Buffered Address Bit 4 
Ground : 

Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 

*Buffered DMA Request 1 
Ground , 

*—12 Vde/-V 

“User Spare 2 
Buffered Bus Float 

*Buffered External Phase 0 Clock, 
Ground: - 

“Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
Buffered Non-Maskable Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground , ; 
Buffered Data Bit 0 
Ground 
+5 Vde (See Note} 

Not Connected 


oo 9000 00090 








AG5/40-2000, -3000, -4000 and -5000 | . AIM 65/40 Microcomputer 


Bical module: Connestor J5 {Ee cinter) Pin n Assignments 


‘Printer 


+5V 
NC 
NC 
NC 

NC 
NC 
NC 
PAPER FEED (2) . PAPER FEED (2) 
RES : ' RES. 
PBI } vo STROBE 
PA7 das VO. ! Data 7 
PAG ‘|. WO £  Dataé 
PAS \° ‘Data 5 
PA4 

_ PAS 
PA2 
PAI 
PAO. 


o000000000° 


CA2 


Notes: (1) Maximum +5V current invouan J5 sheuld not exceed 200 mA per pin. 
(2) Connacted to J7-39 through eal W3. : 





SBC Module Connector J6 (Display) Pin Sa 


PAPER FEED (2) PAPER FEED (2) 
RES RES 
PBO ; STROBE 
PA7 Data 7 
PA6 Data 6 
PAS Data 5 
PA4 

PAS 

PA2 

PA1 

PAO 


O0000000000 


CB2 


Notes: (1) Maximum +5V current through J6 should not exceed 200 mA per pin. 
(2) Connected to J7-39 through jumper W3. 
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SBC Module Connector J7 (Keyboard) Pin Assignments 
Keyboard 


| 

i 
0 
Oo 
O 
fe) 
° 
fe) 
Oo 
Oo 
| 

| 

I 

| 

| 

| 

\ 

l 


PAPER FEED 


Notes: (1) Pins 2 and 40 can be optionally jumpered to +5 (maximum current through each pin should not exceed 200 mA). 
(2) Pin 1 can be optionally jumpered to the RESET circuit or to CB2. 
(3) Pin 3 can be optionally jumpered to the NMI circuit or to CB1. 
(4) Pin 39 can be optionally jumpered as PAPER FEED or to CA1. 





NMOS INTERFACE (input Voltage = +5.0V, TA = 25°C) 


a a ea ES IN — I 


Input High Voltage 
Input Low Voltage 


input High Current 
(Vin = 2.4V) 

Inout Low Current 
(Vit = 0.4A) 

Output High Voltage 
(lugap = —100A) 


Output Low Voltage 
(tLoad <-3 mA) 





Output High Current (Sourcing) 
(Von = 2.4V) 
(Von 2 1.5V, VIA PBO-PB7 only) 


Output Low Current (Sinking) 
(VoL = 0.4V) 


TTL — Industry standard LS TTL. 3S TTL — Industry standard Tri-State LS TTL. 
OC TTL — Industry standard Open Collector LS TTL. TP TTL — Industry standard Totem Pole LS TTL. 
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SPECIFICATIONS 


2 | 


Dimensions 
Width 

Length‘? 

Height’?! 




















11.85 in. (301 mm) 
19.75 in. (602 mm) 
4.6 in. (117 mm) 








Shipping 
Size 
Weight 
Weight 
With Printer 

Without Printer 







12.5 in, (320 mm) x 16.5. in. (420 mm) x 15 in. (385 mm) 
13.3 Ib. (6 kg) 












4 Ib. 4 oz. (1.58 kg) 
13 Ib. 4 02. (1.21 kg) 













Environment 
Operating Temperature. 
With Printer 
Without Printer 
Storage Temperature 
With Printer 
Without, Printer 
Relative Humidity 











orc to 50°C 
0°C to 70°C 













0°C to 70°C 
—25°C to 85°C 
0% to 85% (without condensation) 







Power Requirements 
With Printer 






+5V +5% regulated @ 2.6A (typ); 3.4A (max.):.3.4A (peak) 
+24V (+3.6V, —2.6V) unregulated. @. 2.5A (typ); 4.0A (max.); 6.3A (peak)!* 
+5V +5% regulated @ 1.8A (yp) 2.4A may): 2.4A-(peak)'> 











Without Printer 


~ Interface Connector 
J1 (Paraliel Application) 









40-pin edge connector (0.100 in. eanideel Pre-drilled holes for installation of 
40-pin 3M #3432-1002, or equivalent, mass terminated connector. 









26-pin edge connector (0.100 in. centers}. Pre-drilled holes for installation of 
25-pin AMP #206584-1, or equivalent, mass terminated connector. 


2 (Serial Application) 










J3 (Audio/TTY) 20-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 


20-pin 3M #3492-1002, or equivalent, mass terminated connector. 









J4 (FAM 65 Expansion) 72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
a 64-pin DIN 41612 Euroconnector or 72-pin Tl H42-51-11-36, or equivalent, 


connector to directly mate to one Rockwell RM 65 module. 


40-pin 3M #3495-1002, or equivalent. Mates with 3M #3418-O000T, or 
equivalent, ribbon cable connector. 


40-pin 3M #3495-2002, or equivalent. Mates with 3M #3418-O000T, or 
equivalent, ribbon cable connector. — 











7 (Keyboard) 
















JS (Printer) and 
J6 (Keyboard) 





Notes: 

1. Specified for 2 in. separation between keyboard and SBC madules. The length may be reduced if keyboard and SBC modules are overlapped/ 
canted or may be extended by installation of a longer interface cable. A cable up to four feet in length may be installed. 

2. Specified for the printer mounted to the SBC module on 1 in. standoffs. The printer may be mounted up to 2.5 in. above the SBC module using 
the installed 3 in. cable or may be installed to operate with a cable up to four feet in length. 

3. Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.2A (een total, and for 16 RAM devices 
(32K bytes) with 0.9A (typical) and 1.7A (maximum) total, installed. 

4, +24V peak current specified as worst case with printer duty cycle of 75%. For most cases, a +24V 4A pdwer supply is sufficient. 
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_ REFERENCE DOCUMENTS i. 


The following product. literature is available for further product 


information. 


L 


A65/40-0200, A65/40-0210 Standard ‘ 
and Extended Keyboard Data Sheet 
A65/40-0400 40-Character Display Data 
Sheet = 
A65/40-0600 Graphic Printer Data 
Sheet _ 
A65/40-0800 Video Display Controller 
Module ‘Data Sheet 
A65/40-1000 Single Board Computer 
Module. Data Sheet 
A65/40-7010 Assembler ROM 
A65/40-7012 Macro Assembler and 
Linking Loader . ; 
A65/40-7020 BASIC Interpreter ROMs 
A65/40-7024 BASIC Compiler | 
A65/40-7040 Math Package ROMs 
A65/40-7050 FORTH ROMs ~ 
A65/40-7052 FORTH Target Compiler 
A65/40-7090 Disk Operating System 
Version 1.0 ROM 
A65/40-7092 Bootstrap Disk Operating 
System Version 1.0 ROM, 
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Rockwell 


Ei A65/40-1000 
AIM 65/40 Microcomputer Family 


A65/40-1000 
AIM 65/40 SINGLE BOARD COMPUTER 





OVERVIEW 


The A65/40-1000 Single Board Computer (SBC) is one of the 
hardware options available for the AIM 65/40. Microcomputer 
family. 


The SBC is. an extremely flexible and adaptable microcomputer 
‘on.a single board. Memory sockets accept up to 65K bytes of 
read-only and. read/write memory on the board. Three installed 
peripheral ribbon cable connectors, as.well as three user ded- 
icated application edge connectors, provide extensive and ver- 
satile parallel and serial interfaces for use in industrial, scientific 
and educational installations. The RM 65 Bus:compatible expan- 
sion connector allows additional memory, //O, peripheral con- 
troller and application modules to be easily connected. — 


-Up-to 32K’ bytes of PROM/ROM.and.up to 48K bytes.of RAM - 


may be installed on-board. All on-board memory may be ena- 
bled in 4K-byte blocks, yielding an optimal mix of on-board/off- 
board memory and I/O to be addressed. The RAM may also be 
_write-protected in 8K-byte segments, Dual bank addressing 
allows an additional 56K bytes of memory or YO to be accessed 
off-board. 


The display and printer interfaces connect through interface 
cables to the A65/40-0400 40-Character Display and the 
_A65/40-0600 Graphics Printer over identical Centronics type 
parallel handshaking interfaces. The keyboard interface con- 
nects. to the A65/40-0200 Standard Keyboard through an inter- 
face cable. These peripheral ports may be used as general 
_ purpose bidirectional data ports with parallel, serial, interrupt 
and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 


_. In addition, a separate user-dedicated R6522 VIA interfaces 
With the Parallel Application connector. The high current drive 
" capacity of the VIA’s eight “B” port lines can directly drive many 
industry-standard devices, such as solid state relays. The 
‘ RS-232C Connector provides an interface that allows the SBC 
to function as a data set or data terminal. An Audio/TTY Con- 
nector can be used to attach one-or two audio cassette recorders, 
for program or data storage, and a-20 mA current loop 
teletypewriter. 


_ The A65/40-1 000 SBC comes with a 4K-byte /O ROM installed. 
'Preprogrammed auto-start initialization, interrupt, input/output 
and utility functions support user-defined programs as well as 
AIM 65/40 optional firmware/software. Auto-start initialization 
jumps to predetermined PROM/ROM addresses during RESET 
processing. The application program can assume direct control 
of the SBC for continued operation, or it can just initialize required 
functions, then return control: back to the I/O ROM for continued 
auto-start of other functions. VO drivers directly support AIM 
65/40 ees display and printer peripherals. 


FEATURES 


Popular and Powerful 6502 CPU 

Extensive On-Board Memory’ 

—Up to 48K bytes of RAM, with write-protect 
—up to 32K bytes of PROM or ROM 
Extended and Flexible Addressing 

—131K addressing, in two 65K-byte banks 
—Dedicated. or shared bank addressing 
—On-board/off-board. memory select 
User-Prioritized Interrupts—-Up to six levels 
Installed VO Driver ROM © 

— Interrupt driven AIM 65/40 Peripheral VO handlers 
— User program auto- start initialization 

— Utility subroutines ‘and user /O driver linkage 
Two System Display/Printer Connectors . 
—Centronics type parallel handshake 

—AIM 65/40 40-character display compatible 
— AIM 65/40 graphics printer compatible 
Full-Size Keyboard Interface . 

— General purpose parailel interface 

—AIM 65/40 keyboard compatible 

Parallel Application Interface 

—R6522 Versatile Interface Adapter (VIA) 
—Two 8-bit parallel bidirectional data ports 
—Two 2-bit handshake control ports 

—Two programmable 16-bit counter/timers 
—8-bit serial interface 

RS-232C Serial Application Interface 


—R6551 Asynchronous Communications Interface Adapter 
(ACIA) with programmable data rate to 19,200 baud 


——Configurable as data set or data terminal 

20 mA Current Loop Serial Interface 

Interface. to Low Cost Audio Cassette Recorders 
— Remote on/off control through on-board relays 
—AIM 65 format compatible 

On-Board Piezo-Electric Speaker 
—Programmable tone and duration 

+5V Operation 





Document No. 29000D77 


Data Sheet Order No. D77 
Rev. 1, August 1983 
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FUNCTIONAL DESCRIPTION 


CENTRAL PROCESSING AND CONTROL 


. The A65/40- 1000. SBC contains acentral processing unit (CPU), : 


decoders, read/write memory, read-only memory, peripheral 
interface devices, application interface circuits, expansion bus 
drivers and support: circuitry—all. connected together by an 
internal system bus. 


“The. R6502 CPU, with its advanced pipeline architecture and 13 


.addressing modes: for fast execution and memory efficiency, 
performs the central processing.:A 1 MHz system operating fre- 
quency is derived from: a ‘Clock circuit. employing a 16 MHz ref- 
erence crystal. ; 


The RESET conditioning circuit Sates: the RESET ‘signal 
received from the on- -board RESET switch or the Keyboard Con- 
nector and generates the system reset (RES) for the CPU, on- 
board VO devices, the off-board peripherals and the expansion 
bus. It also generates the RES signal at power turn-on. 


The Single Step circuit, enabled under software control, allows 
CPU monitored single instruction execution through user pro- 


grams located below $A000. When enabled, a Non-Maskable 


interrupt (NMI) is generated upon execution of each instruction 


-to allow an interrupt subroutine to perform: debug functions, such 
‘as disassembly of the instruction.and display of register contents. 


The Interrupt Request Priority circuitry prioritizes individual. 


interrupt requests (IRQ) from six sources—-the System R6522 
VIA, the Keyboard R6522 VIA, the Application R6522 VIA, the 
‘Application R6551 ACIA, the RM 65 Bus, ant and the on- -board RAM 


Write Protect circuitry—into a system. IRQ. Each IRQ can be. 


‘assigned any priority relative to the others by wiring the Interrupt 


_-Request Priority Header. The Interrupt Request Priority Mask 


‘inhibits generation of the System IRG to the CPU for individual 
interrupt requests. assigned below. a software selected priority 
eel 


The On-board Device Decoder generates device select signals 
‘for all on-board RAM, ROM or V/O-access. The PROM/ROM and 
RAM Select switches allow independent on- board/off-board 
Selection of. each 4K-byte block. 


Programmable Bank Natiestiig creates two 65K-byte banks, 
for an effective addressing range of 131K bytes with the RM 65 
Bus Expansion Connector. The upper. 4K bytes containing the 
VO ROM, and the lower 4K bytes containing the R6502. stack 


‘RAM, are always. common to both Bank. 0 and Bank 1, An — 
additional 20K bytes of PROM/ROM:may be assigned common | 


to both banks, or dedicated to. Bank: 0, on 4K-byte boundaries 
with the Bank Selection jumpers. The remaining PROM/ROM 
‘and RAM is dedicated to Bank 0. 


“MEMORY 


Eight 24-pin PROM/ROM sockets allow installation of up to 32K 
bytes of PROM/ROM. PROM/ROM size jumpers set up the 
sockets to a¢cept 8K- or 4K-byte devices. The on-board RAM 
ean be expanded up to 48K bytes using industry standard 16K 
“x 1 dynamic RAM devices in 24 16-pin sockets. 


The RAM Refresh.and Timing Control circuitty controls addtess. 
and data timing for RAM memory accéss, and provides trans- 
parent refreshing of the dynamic RAM devices. Write‘ ‘protect 
switches allow the RAM to be selected for read-only: ‘access, 
with independent’ protection of 8K byte sections (except for the 
lowest 8K which contains page 0 and page 1). An attempted 
write into any protected R, RAM location will generate a write pro- 
tect interrupt request (IRQ). ve 


0 HARDWARE 


Two system R6522 VIA devices support three peripheral ports— 
display, printer and keyboard. Common I/O data lines and sep- 
arate.control linés are routed fram the System VIA to the Display 
and Printer Connectors. Both common or.unique data‘can easily 
be transferred through the’ System VIA to the interfacing periph- 
erals since the handshaking control lines are séparately han- 
dled. The System: VIA also controls data transferred to arid'from 
audio cassette: recorders as well as on-board relays to remotely 
turn the recorders on and off. Each VIA provides: two 16-bit 
timer/counters and an 8-bit serial shift register. 


A separate R6522 VIA interfaces with the Keyboard Connector 
and the on-board speaker amplifier. Nine keyboard strobe lines 
are output from the keyboard VIA to the keyboard and another. 
éight return lines are input. The eight return lines are also or'ed 
together and connected to the VIA to cause a Baybee’ iRQ 
when a key is depressed. 


The third Re522 VIA is dedicated to user futons, All 16 data 
and 4 control lines are routed directly to the Parallel Application 
Connector. The Application VIA provides two 8-bit bidirectional 
data:ports with handshake control and allows the data direction: 
of each port bit to be individually assigned. One of the data lines 
may be configured asa serial line to an 8-bit shift register with 


‘three input and four output modes. Two independent 16-bit: ~ 


timer/counters in ‘the R6522. with four modes in Timer 1 and. 
three modes in Timer 2 support numerous internal and external 
timing and clock functions: Two data ports associated with the’ 

timers allow various input/output functions to be programmed 
such as rectangular wave form generation and sampling. 


In addition to the. parallel interfaces, a user dedigated serial | 


_interface is provided in both AS-232C and 20 mA forms. An: 


R651 Asynchronous. Communication Interface Adapter (ACIA) & 


device conneets to RS-232C and:20 mA current loop interface © 


circuits, On-board jumpers configure the R6551 ACIA to operate ne 
as either a data set or a data terminal. The R65514 ACIA, with . 


its internal data rate generator, may.be programmed to one:of: | . 
‘the 16 rates (from:50 to 19,200 baud). Additional: program con- 


trol of Word length’ (5, 6, 7 or 8 bits), number of stop: bits (1, We 


Or 2) and parity (add, even or none) is also provided. 


The RS-232C Interface circuit converts the TTL level-signals to 
RS-232C voltage levels and routes the signals to the RS-232C 
Connector, The TTY Interface circuit converts TTL level signals 
to 20'mA current signals arid routes the signals:to the Audio/ 
TTY Connector; The TTY receive data and transmit data lines 
operate in paratel with the RS-232C’ ‘lines. 


Line. river and tri-state circuitry interface with the on-board 
address, data and contro! lines to interface with the Expansion 
Connector. Both the address lines and data lines are inverted 
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to be compatible with the Rockwell_RM 65 Bus. Data and control 
- lifes are connected to the Bus Control line from the Expansion 
Connector so.they can be disconnected from the bus during off- 
board:OMA operations. 


INTERFACE CONNECTORS 


The two identical 40-pin Display and Printer connectors allow 
display and printer functions to be easily interchanged, ‘or 
duplicated if two displays or two printers are connected. These 
‘connectors are directly compatible with. the. A65/40-0400 40- 
Character: Display and the A65/40-0600 Graphics Printer—or 
they: may be connected to other Centronies type interface-com- 
patible equipment: +5V is routed-to the connectors for use by 
the- interfacing peripherals. The display. and printer connectors 
are mounted vertically onthe front half of the SBC to con- 
veniently. connect ‘to had printer and display interface cables... 


The 40-pin Keyboard Contech connects the 17 VQ lines from 
the Keyboard VIA to the keyboard interface: cable. Keyboard 
RESET. and: Non-Maskable Interrupt (NMI) lines are routed from 
ithe connector to the Reset Conditioning and Single Step circuits 
respectively. The- Paper Feed signal from the keyboard may be 


routed directly to. the display. and ‘printer. connectors, or to the. 
Keyboard VIA. Mounted horizontally on the front.of the. SBC, the 


connector aliows easy connection to an interfacing cable from 
the A65/40 Keyboard, or from any other compatible equipment. 


The application, audio/TTY and expansion bus signals are routed 
to four edge connectors. The pins.on each connector are spaced 
at standard 0.100 inch. separation for direct connection to mass 
terminated cable connectors. Mounting holes are also provided 
to allow installation of other connectors. — 


The. 40-pin Parallel Application Connector connects to I/O lines 
routed directly to the Application R6522 VIA. In addition, +5V 
can be supplied to the interfacing equipment through an on- 
board jumper. 


The .26-pin- RS-232C Connector connects to lines from the RS- - 
232C Interface circuitry. A standard 25-pin. D-type’ connector 
can be installed. The 20-pin Audio/T TY: Connector interfaces 
with audio data and control lines from the Audio Cassette Inter- 
face circuitry and 20 mA current loop lines from the TTY Inter- 
face cecuy: 

The 72-pin Expansion Connector interfaces to lines from the RM 
65 Bus interface. An RM 65-AIM ‘65/40 Buffer. Module; P/N 
RM65-7140(E) can be connected to the Expansion Connector 

* to interface with a Rockwell RM 65 card cage/motherboard. 


“VOLTAGE CONVERTER 


~The DC-DC Voltage Converter generates all feguiied’ on-board 
voltages from the +5 volt supply, The +12V and —12V are used 
“by the RS- 232C Interface | Circuit, while +12V and. -5V are. 
_fequired by the eynamle RAMs. — 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


Input High. Voltage 
Input.Low Voltage 

(Input High Current 

(Vin = 2.4¥) 
input Low Current 

(Vip =O04A) 

Output High Voltage 

‘(lLoap = ~100 A) 

Output Low Voltage. 

(ILoao <>3 mA) : 
Output High Current (Sourcing) 
(Vou = 2.4V) % 

(Von = 1.5V, VIA PBO-PB7 only) 
Output Low Current (Sinking) 
(Vor = 0.4V) 


Industry standard LS TTL. 
Industry standard Open Collector LS TTL. 


inne 


; Notes: TTL 
OC TTL — 
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3S TTL — 
TPTTL — 


Industry standard Tri-State LS TTL: 
Industry standard Totem Pole LS TTL. 
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_ DEVELOPMENT MODE 


is AIM 65/49 ; 
1/0 ROM (1) 


Options! AIM 85/40 
High Level Language ROMs (3) 






coca 







AIM 65/40 
Debug/Manitor 
& Text Editor AGMs (2) 


A000 
8000 
Ba00 
7000 
6000 
6000 


USER AVAILABLE 


4000 


2000 


Optional Languages (3) 


— ee eee ee 
—- Oo 


Page Zaro Duta 


RUN-TIME MODE 


. AIM 65/40 é 
a 1/0 ROM (1) 


Optional AIM 85/40 
High Level Languags ROMs (3) 


USER AVAILABLE 


Options! Languages (3) 





Page Zero Data 


: (t) AIM 65/40 System peripheral |/O addresses are assigned to FF80 - FFDF. 


ON-BOARD . 
PROM/AOM & RAM 


1/0 ROM (1) 


PROM/ROM 
EXPANSION 
(28K) 


FFFE 


Food , 









Codo 


000 





RAM 
EXPANSION 
(32K) 


4000 


1000 





(2) User avaliable during application program operation If the debug and text editor functions are not used. 
(3) User avallable If the optional language and the AM 65 expansion modula ROMG6 are not used, 


Connector J1 (Parallel Application) Pin Assignments 


NC/+5V" 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND. 
GND 
GND _ 
GND 
GND 
GNO 
GND 
‘GND 
GND 
GND 
GND - 

NC/+5V" 


ROM & 1/0 


, COMMON To 


4 





BOTH BANKS 
(4K) 


PROM/ROM 
DEDICATED TO 
BANK'0 OR 
COMMON TO 
BOTH BANKS 
{20K) 


RAM 
DEDICATED TO 
BANK 0OR 

COMMON TO 
BOTH BANKS 
(44K) 


RAM 

COMMON TO 

BOTH BANKS 
(4K) 
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Connector J2 (Serial Application) Pin Assignments Connector J3 (Audio/TTY) Pin Assignments 


[r= [somo | [on [seo [vo[ tee] [re] stow [vo wmf on [ sar [i 


RS-232C TTY ATS 
RS-232C - 3° | TTYID 
> | AS-232C TTY RD 
| RS-232C TTY ATN 


AUDIO OUT 
AUDIO IN 


CTRL 2 ATN 
CTAL2 
} CTRL 1 ATN 
FIS-232C CTRL 1 





Connector J4 (RM 65 sina Pin Assignments. 
' Bottom (Solder Side) Top (Component Side) 


Signal Signal 
‘Mnemonic Signal Name = Type Mnemonic Signal Name vo Type 


Not Connected Not Connected 
+5V +5 Vde Line (See Note) ‘ +5V +5 Vdc (See Note) 
GND Ground ~ +5V +5 Vde 
BADR’ Buffered Bank Address BA15/ Buffered Address Bit 15 
GND Ground BA14 Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 BA12/ ‘Buffered Address Bit 12 
-BA11/ Buffered Address Bit 11 GND Ground 
‘BAI0/ Buffered Address Bit 10 BAQ/ Buffered Address Bit 9 
BA8/ Buffered Address Bit 8 BA7/ Buffered Address Bit 7 
} GNO Ground BA6/ Buffered Address Bit 6 
BAS/- Buffered Address Bit 5 BA4/ Buffered Address Bit 4 
BAY Buffered Address Bit 3 “|- GND Ground 
BA2/ Buffered Address Bit 2 BA Buffered Address Bit 1 
BAO/ Buffered Address Bit 0 Bg ‘| - Buffered Phase 1 Clock 
GND Ground a BSYNC Buffered Sync 
| BSO Buffered Set Overflow , BDRQ1/ *Butfered DMA Request 1 
BRDY Buffered Raady GND . Ground 
*User Spare 1 12 VW/-V | *-12 Vde/-V 
+12 VWi+V. | 7412 Vde/+V “User Spare 2 
GND - Ground Line . | BFLT/ Buffered Bus Float’ ~ 
BDMT/ *Buffered DMA Terminate BgO “Buffered External Phase 0 Clock 
"User Spare 3 > | GND Ground 
BRW ’ Buffered Read/Write “Not” BDRQ2/ "Buffered DMA Request 2 
*System Spare BRIW Buffered Read/Write 
GND Ground BACT/ | Buffered Bus Active 
BIRQ/ Buffered Interrupt Request BNMI/ Buffered Non-Maskable Interrupt 
 Bg2/ Buffered Phase 2 “Not” Clock ' 25c | GND Ground 
Bee Buffered Phase 2 Clock 3c | BRES/ Buffered Reset 
BD7/. Buffered Data Bit 7 ‘| BDG/ | Buffered Data Bit 6 
-GND Ground . c | BDS5/ ’ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 BD3/ Buffered Data Bit 3 
Bb2/ Buffered Data Bit 2 GND _ Ground 
‘BD1/ Buffered Data Bit 1 BDO/ Buffered Data Bit 0 
+5V +5Vde . . GND’ Ground 
+5V +5 Vdc (See Note) ; +5V +5 Vde (See Note) 
Not Connected ; Not Connected 


0000 0000 0 
00 0000 oao 





Note: *Not used on the SBC. Signa! name reflects RM 65 Bus reserved function. 
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A65/40-1000 | | | Single Board Computer 








Connector J5 (Printer) Pin Assignments 





















PAPERFEED (2) PAPERFEED (2) 
































RES RES Oo 
PBI STROBE Oo 
PA7 Data 7 oO 
PAG Data 6 O 
PA5 Data 5 @) 
PA4 Data 4 @) 
PA3 Data 3 0 
PA2 Data 2 e) 
PA1 Data 1 @) 
PAO Data 0 Oo 
NC 





CA2 ACK 














+5V +5V 







































NC NC 

NC NC 

NC NC 

NC NC 

NC NC 

NC NG 

PAPERFEED (2) PAPERFEED (2) oO 

RES RES oO 

PBO STROBE ‘e) 

PA7 Data 7 Oo 

PA6 . Dataé eo) 

PA5 Data 5 (@) 

PA4 Data 4 Oo 

PAS Data 3 oun 

PA2 Data 2 2) 

PA Data 1 oO. 

PAO - Data 0 O- 

[NG — 

39 cB2 e YO ACK I NMOS. 





Notes: (1) Maximum +5V current through J6 should not exceed 200 mA per pin. (2) Connected to J7-39 through jumper. W3. 
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A65/40-1000 ti‘ | —_ Single Board’ Computer 
Connector oA (Keyboard) Pin —— . 


Signal - _ Type 





NG/+5V 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND. 
“GND. 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
PAPERFEED NC/+5V 


Notes: (1) Pins ‘2 and 40. can be ‘optionally jumpered to +5V (maximum current. through each pin should not exceed 200 mA). 
, (2) Pin 1.can be optionally jumpered tothe RESET circuit or-to‘CB2. 

(3) Pin 3 can be optionally jumpered to the NMI circult or to CBI. 

(4) Pin 39 can be. peony ees as PAPERFEED or to CAI.. 


a 
©) 
oO 
0 
.@) 
.¢) 
Oo 
6) 
O° 
| 
| 
H 
) 
| 
I 
| 
| 
] 
7 





‘SPECIFICATIONS 


Parameter 


Dimensions 
Width .85 in. (301 mm). 
Length 5 in, (318mm): 
» Height 7 75 = (19 mm) 


Weight =: 7 0 lb. (373 g) 


Environment ; fo 
Operating Temperature Octo 70°C. 
’ Storage Temperature ® —25°C to + 85°C 
.. Relative Humidity “0% to 85% (without condensation) ‘ 





‘Power Requirements +5V.45% Bosnia, 2:5A (typical); 3. SA eee ) 


interface Connector _ eee 
x Ji (Paratlel Application) 40-pin edge connector (ot 400 in. centers). Pre-drilled nls. for installation of 40- -pin 3M (#3432- 1002, or’ 
ie equivalent, mass terminated connector. 
J2 (Serial Application) 26-pin edge. connector {0,100 in. centers). Pre-drilled holes tor installation of 25-pin AMP #206584- 1, or, 
fe fesse . equivalent, mags terminated connector. 
-J3 (Audio/T'TY) -[) > 20-pin edge: ‘connector (0.100 in. centers). Pre- dritled. holes for installation of 20- “pin 13M #3492- 1002 or. 
“pees —- equivalent, mass terminatéd connector. 
J4 (RM 65 Expansion) 72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of a 64-pin DIN 41612 
Euroconnector or 72-pin Tl H42-51-11-36, or equivalent, connector to directly mate to one Rockwell RM 65 
_module, 
J7 (Keyboard) 40-pin 3M #3495-1002, or equivalent. Mates with 3M #3418-0000T, or equivalent, ribbon cable connector. 
J5 (Printer) and 40-pin 3M #3495-2002, or equivalent. Mates with 3M #3418-0000T, or equivalent, ribbon cable connector. 
J6 (Keyboard) 


. Note: Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.24 (maximum), and for 16 RAM devices (32K 
bytes) with total 0.9A and 1.7A (maximum) total, installed. 
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A65/40-1000 Single Board Computer 





PARALLEL /O AS.2a2Cc AUBIO/TTY EXPANEION 
CONNECTOA (Jt) CONNECTOR (12) CONNECTOR (J3} CONNECTOR (J4) 


RS-2320 AUDIG CASSETTE RM 65 @US 
INTERFACE . INTERFACE EXPANSION 
" DRIVERS 


SYSTEM 
AGS22 


APPLICATION APPLICATION via 


ReS22 S551 
VIA ACIA 


PROM/ROM 
SELECT 


SWITCHES SVSTEM 


Bus 
RAM BUFFERS 
SELECT 
SWITCHES ONBOARD 
DEVICE 
CODER 
etree * ‘ DYNAMIC 


RAM 
P , 
JUMPEAS (Ur TO 48K) 


SINGLE 
STEP 
CIACUIT 


INTERAUPT 
APPLICATION. PRIORITY 
ACIA HEADER 


APPLICATION PROM/AQM 
SIZE 
JUMPERS 


INTERRUPT 
PRIORITY PROM/ROM 
MASK (up TO 32K) 


VOLTAGE AUDIO SYSTEM SPEAKER 


su mes22 
CONVERTE CASRETTE AMPLIFIER 
Ls INTERFACE via via 





PRINTER DISPLAY KEYBOARD 
CONNECTOR [J6}) CONNECTOR (6) CONNECTOR (J7) 


A65/40-1000 Single Board Computer (SBC) Diagram 
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Rockwell 


A65/40-0004 
:) A65/40 Microcomputer Family 


| _A65/40-0004 
AIM 65/40 POWER SUPPLY AND CABLE 





DESCRIPTION 


The AIM 65/40 Power Supply and Cable is an open frame DG 
power supply with output cable for connection to an’AIM 65/40 
Microcomputer. The power supply provides sufficient power for 
full on-board RAM and PROM/ROM expansion as well as off- 
board RM 65 expansion modules, e.g., RM 65 Floppy Disk Con- 
troller (FDC) module (RM65-5101E) and RM 65 Multifunction 
Peripheral Interface (MPI) module (AM65-5223E).. The +24V/ 
4A output supplies power to the AIM 65/40 Graphics Printer. 
The +12V and —5V outputs are not used by the AIM 65/40 
Microcomputer, but are available for expansion module use.: 


AC power connects to an input terminal strip. A jumper‘on the. 


power supply can be positioned for either 115 or 230 Vac input. 


An input fuse (5A for 115 Vac or 3A for 230 Vac) provides line . 


protection. The 3-wire DC output cable, factory connected to the 
power supply output terminais, allows direct connection to the 
AIM 65/40 input power terminals. 


All outputs are current limited to prevent damage to the power. . 


supply if the outputs are overloaded or accidentally shorted 
together. Full power output is provided from 0° to 50°C. 


‘FEATURES 


e Dual AC input voltage 

—115 Vac @ 47-63 Hz or 

—230 Vac @ 47-63 Hz 
e. Five DC output voltages. 
— +5V for AIM 65/40 Microcomputer logic 
—+24V for-AIM-65/40 Graphics Printer 
—+12V, -12V and -5V for expansion modules 
Fused input 

75% minimum efficiency 

All outputs current limited 
“No 60 Hz EMI 
-Meets FCC/VDE RFI requirements 
Soft start—Minimizes input current surge at turn-on 
No turn on or turn off overshoot 
DC output cable included 


ORDERING INFORMATION 


[Perna Description 
A65/40-0004 AIM 65/40 Power Supply and Cable 





A65/40-0004 Power Supply 





Document No. 29001D27 


Data Sheet Order No. D127 
April 1983 





A65/40-0004 AIM 65/40 Power Supply and Cable 
SPECIFICATIONS _ | ee 
[Parameter | awe) ParmmetrVaue 


AC Input 115/230 Vac + 10%, 47-63 Hz Hold Up Time 16 ms‘min. at nominal line input. with 
DC Output ie full load output 

Total Output Power 0°C to 50°C full rating, derated 2% 

+5 Vdc per °C linearly trom 50°C to 70°C. 













































- 150 W max. 


Temperature Range 
20.0A max. * 













































































+24 Vde 4.0A ave, max., 8.0A paak | imensiane 
+12 Vde 1.5A max. ear 
A 10.50 in. (266.7 mm) 
—12 Vde 1.0A max. B 5.00 j 7 
-5 Vde 0.5A max ey mee? 0.) 
, Cc 2.50 in. (63.5 mm) 
Output Accuracy" D 3.90 in. (99.0 mm) 
+5V output Adjustable +5% E 0.30 in. (7.6 mm) 
Other outputs +5% max. F 8.90 in, (226.0 mm) 
Static Regulation G 0.38 in. (9.6 mm) 
: H 1.62 in. (41.1 mm) 
Line +1% all output J 0.25 in. (6.4 mm) 
Load 20% to 100% max. rated load ene fe 
K 10.00 in, (254.0 mm) 
+5V output +1% max. L 125 in, (317.5 
Other outputs +3% max : 12.5 in, (917.5 mm) 
i M 8-32 THD. (4) 
Ripple and Noise 0.2% RMS N 0.156 in. (3.96 mm) DIA. (4) _ 
Temperature Coefficients 0.02%/°C. Output Cable 


















12 in. (304.8 mm) 
3-wire jacketed with intemal balun 
20 AWG 

Tinned leads 

+5V, +24V and COM 


Overshoot 
Overload Protection 


No turn. on or tum off overshoot 











Current limit protection on all 
outputs 









Termination 
Routed Outputs 










. Alt outputs protected against power 
supply induced overvoltage. 


Holds full rated regulation to 85/170 
Vac 


Overvoltage Protection 





Brownout Protection 





Note: : 
* Referenced to nominal input voltage at 60% load on all outputs with +5V out 
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Rockwell 


OVERVIEW 


The A65/40-0200 and A65/40-0210 keyboard subassemblies 
are one of the. hardware options available for the AIM 65/40 
Microcomputer family. _ 


The A65/40-0200 Standard Keyboard is a full-size ASCII key- 
board. The 57 main keys provide the complete set of 128 ASCIl 
printable and contro! characters. Eight separate function keys, 
located above the main keyboard, suppért user-defined pro- 
cesses, Separate ATTN and RESET keys allow user-defined 
interrupt processing ‘and computer initialization. An industry 
standard, NMOS parallel interface can be used to connect.the 


keyboard to a Rockwell AIM 65/40 Single-Board Computer 


(SBC), Rockwell RM 65. board- ‘level products, or to other 
computers. 
The A65/40-0210 Extended Keyboard has all of the above fea- 
tures, plus an industry standard numeric keyboard and cursor 
control key: 


A65/40-0200, -0210 
AIM 65/40 Microcomputer Family 


A65/40-0200 AND A65/40-0210 
AIM 65/40 STANDARD 
AND EXTENDED KEYBOARDS 





FEATURES 


e Full-size, terminal-style keyboard 
e 64 keys within an 8 x 9 matrix support the ASGII character 
set: 


—Alphanumerics 
— Punctuation 
— Special symbols 
PRINT 
—Eight special functions 
—Locking ALL CAPS 
° Separate RESET, ATTN, and PAPER FEED keys 


e Extended keyboard has 15 additional keys; 10 numeric, dec- 
imal point and 4 cursor control keys 


e No-active. components ensures long life . 


e Keyboard interface connector compatible with AIM 65/40 SBC 
or RM 65 Parallel Application connectors 





A65/40-0200 Standard Keyboard 





A65/40-0210 Extended Keyboard 





Document No. 29000D74 


Data Sheet Order No. D74 
Rev. 1, August 1983 





A65/40-0200, -0210 


AIM 65/40 Standard and Extended Keyboards 





FUNCTIONAL DESCRIPTION 


The AIM 65/40 Keyboard assembly is a terminal-style alpha- 
numeric keyboard which interfaces to a host computer through 
a parallel interface. The keyboard contains.66 momentary con- 
tact single pole single throw (SPST) keys and one locking SPST 
key. 


The keyboard has a complement of 63 momentary contact keys 
in an 8 x 9 matrix; with nine positions unused. An ALL CAPS 
locking key is also in this matrix. To decode keys within the 
matrix, the AIM 65/40 software places a logic 0 on one of the 
nine strobe lines of the matrix. By reading the eight return lines, 
any key(s) down on that strobe row can be distinguished. 
Repeating this process for each of the nine strobe rows gives 


KEYBOARD 

INTERFACE 

CONNECTOR 
{J1) 


RESET AND 
RETUAN 


ATTENTION 
AND RETURN 


PAPER FEED 
AND RETURN 


MATRIX STROBES (9) 


MATRIX RETURNS (8) 


MAIN KEYBOARD KEYS (57) 


PAPER FEED OTHERS 





an image of the entire keyboard matrix. Three momentary con- 
tact keys—RESET, ATTN, and PAPER FEED are outside of the 
keyboard matrix. 


All keyboard strobe and return lines are brought out to a 40-pin 
keyboard interface connector, which allows direct connection to 
an AIM 65/40 SBC or any RM 65 modules with the parallel 
peripheral connector. 


The added keys on the Extended Keyboard control 15 additional 


“momentary contact SPST switches, which are included in the 


8 x 9 switch matrix. The 11 numeric and dacimal switches are 
connected In parallel with their counterparts on the main key- 
board. The four cursor control switches are added positions in 
the matrix which are not included in the Standard Keyboard. 


1 NUMERIC 4 
FUNCTION KEYS [| | KEYBOARD 4 


een ead 


15 
t 
td 
11 
il 
Vt 


KEYBOARD SWITCH 
MATRIX 


* EXTENDED KEYBOARD ONLY . 


Keyboard Functional Block Diagram 


Connector P1 (System Interface) Pin eee etl 


MSB7 
MSB6 
MSBS 
MSB4 
MSB3 
MSB2 
“MSBI 
MSBO 
MRT7 
MAT6 
MRT5 
MAT4 
MRT3 
MAT2 
MAT1 
MRTO 
MSB8 
PAPER FEED 


OND (1) 
GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

RES RET 

ATTN RET 
PAPER FEED RET 
NC 


(1) Odd-numbered pins 9 through 37 are connected together on the keyboard and should .be connected to GND on the interfacing equipment. 
(2) The pin number assignments are reversed from the AIM (65/40 SBC, to provide a one-to-one signal routing through a 40-conductor ribbon 
cable. 
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AG5/40-0200,-0210 AIM 65/40 Standard and Extended Keyboards 








Alin Ci UG 


V LJ 


7 : 
T 
=f 
(RGHDSSHIF 


Sam 














NOTES: 


1. LEGENOS IN PARENTHESES 
DO NOT APPEAR ON KEYCAPS 


2, NUMBERS IN PARENTHESES’ 
REFER TO PIN NUMBERS ON 
CONNECTOR J] 











Standard 


wats 
na 


U 











NOTES: 

1. LEGENDS IN PARENTHESES 
0 NOT APPEAR ON KEYCAPS 

2, NUMBERS IN PARENTHESES 


REFER TO PIN NUMBERS ON 
CONNECTOR J) 

















Keyboard Schematic 
SPECIFICATIONS 


| 
Dimensions Standard 7 Extended 
Width 11.85 In. (301 mm) 15.36 in. (390 mm) 


Length 5.25 in. (133 mm) 5,25 in. (133 mm) 
Height 1.25 in. ( 32 mm) 2 1.25 in. ( 32 mm) 


Weight - 1 Ib, 8 oz. ao 1 Ib, 12 02, 


Environment 


Operating Temperature 0°C to 50°C 
Storage Temperature —40°C to 55°C 
Relative Humidity 0% to 95% (without condensation) 


Interface Connector . 40-pin 3M #3495-1002, or equivalent, receptacle. Mates with 3M 
¢ #3418-0000T, or equivalent ribbon cable connector. 
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A65/40-0200, -0210 AIM 65/40 Standard and Extended Keyboards 


11.65 + .06 
TOLERANCES 


KX = 4,03 
XXX = 4.010 Standard 


/ | 7 ; i 


BERRA ee 
Ffefefefet [feof foe] [if me -] ests 
LJ. fefsfofefcfefe[«]-[tf-] i] ae | 

AD 


MBB ODOREnEe 6 


98,950 <A | 
15.35 ¢ £06 $$ | 
TOLERANCES : 


AK = +.03 


JOO = 4.010 Extended 





Keyboard Dimensions 
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A65/40-0400 
AIM 65/40 Microcomputer Family 


A65/40-0400 


AIM 65/40 40-CHARACTER DISPLAY 





OVERVIEW 
The A85/40-0400 40-Character Disptay is one of the hardware 
options available for the AIM 65/40 Microcomputer family. 


The 40-Character Alphanumeric Display is a free-standing 


subassembly consisting of a vacuum fluorescent display and a 


microprocessor based controller. With its integral controller, 
operation is completely automatic—including display refresh. 
Connecting to a host computer over parallel interface with Cen- 
tronics-compatible protocol, command. and. ce are transterréd 
in a handshaking manner. ns 


The sealed vacuum fluorescent display includes 40 bright, crisp, 
16-segment digits. The blue-green. characters are easily read- 
able in almost any working environment—from office to: factory. 


Firmware functions .in the controller augment basic. communi- 
cation and display updating with a variety of ‘editing functions 
and display enhancements to increase its usability. The full 40- 
characters, coupled with programmable eye-catching tech- 
niques, such as variable rate character blinking and auto-scrolling, 


allow meaningful and important messages to be displayed, - 


detected and understood—in factory, office, laboratory and 
classroom applications. 


Installation in a wide variety of racks, cabinets, enclosures, and 
front panels is easy due to its straightforward construction and 
standard interface. The display can be connected directly to the 
Rockwell A65/40-1000 Single Board Computer (SBC), to Rock- 
well RM 65-1000E SBC module or RM65-5222E GPIO and 
Timer module, or other compatible equipment, through an inter- 
connecting cable. 


FEATURES 

Intelligent controller. 

_ Indepe ndent operation 
—Centronies type handshake interface 
—Separate character font/program ROM 
40-character display 

—Vacuum fluorescent 
-—Easy-to-read 16-segment digits 
—Clear, bright blue-green color 
—Fast response 

—Long life 

196 characters 

—Upper case aiphabetics with lower case notation 
—Numbers 

—Math symbols 

— Special characters 

Variable display parameters 
—Auto-scroll rate 

— Character blinking 

— Character blink rate 

—Cursor blink rate 


@ Internal editing functions 


—80-character line buffer 
—Insert/delete character 
—Right/left cursor control 
—Transmit edited line to host 
Display self-test 

+5V operation 





AG5/40-0400 40-Character Display 





Document No. 29000D76 


Data Sheet Order No. D76 
Rev. 1, August 1983 





AG5/40-0400 


40-Character Display 





FUNCTIONAL DESCRIPTION 


The 40-Character Display contains a vacuum fluorescent dis- 
play, a microprocessor based controiler, clock, a 2K-byte char- 
acter font/program ROM, character and segment drivers, and 
a DC/DC power converter. 


The vacuum fluorescent display is a single sealed unit con- 
taining 40 separately controllable digits. Each digit is composed 
of a 16-segment font which allows a full set of upper case alpha- 
betics, numerics, and special characters to be displayed. In the 
semi-graphics mode, the 16 segments of each digit are individ- 
ually controlled. In addition, each digit includes a separate dec- 
imal point. When energized, the digits form blue-green color 
characters. The unit comes with a smoked, neutral filter lens 
cover the display, but other custom ‘ens filters can be used to 
change the display color to meet unique installation requirements. 


The display controller includes an R6504 CPU, RAM, V/O, timer, 
clock and reset circuitry. The 2K byte ROM contains both the 
CPU controller instructions and the individual character segment 
patterns. This ROM can be replaced by another PROM or ROM 


to provide a custom character set. The controller performs all 
communications interfacing, display refreshing, and control 
functions—enabling the display to operate independently from 
the host computer. 


All data and control commands are transmitted to the display 
over the Centronics-type parallel handshake interface. An internal 
buffer allows up to 80 characters to be received by the display; 
the display scrolls after the 40th character is received. There 
are character editing commands such as insert and delete, as 
well as transmit buffer, which sends an edited tine back to the 
host computer. There are also display enhancement features 
such as auto-scroll which allows the display buffer to be contin- 
uously circulated, at a selected rate, and blinking characters. 


The two-post terminal block provides +5V for the controller and 
for the on-board DC/DC Converter, which generates the addi- 
tional voltages required by the fluorescent display. The +5V 
can, alternatively, be routed through the interface connector. 


Display Control Commands. 


Hex Control 
Code Character 
10 


Hex ~ Control 
Code Character 


Description 


Clear Line 

Clear to End of Line 
Clear Line 

Clear to End of Line 
Clear Line 

Clear to End of Line 
Backspace (<-) 
Horizontal Tab (>) 
Warm Reset 

Warm Reset 

Warm Reset 

(Home on Line) 
(Home on Line) 
Carriage Return (Hame on Line) 





Characters with no indicated function are acknowledged, but do not otherwise affect display operation. 


Description 
Pass Through Next Character 


* 
Toggle Insert Character Mode 
Delete One Character 


Display Cursor 

Blank Cursor 

Warm Reset 

Cold Reset 

Escape Command (ESC) 


* 


* 
«x 
* 








A65/40-0400 


40 CHARACTER 
FLUORESCENT DISPLAY 


SEGMENT 


CHARACTER 
DRIVERS 


DRIVERS 
DISPLAY ; 
INTERFACE. 
CONNECTOR 


DATA (8) 


STROBE 
ACK 
BUSY 
RES 


DISPLAY CONTROLLER 


CONNECTOR 
(TB1) 


pc/DCc 
TON, POWER 
CONVERTER © 


40-Character Display Block Diagram 
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40-Character Display 





CHARACTER 
-— FONT/ 
PROGRAM .- 
ROM 





A65/40-0400__—t. _ _ 40-Character Display 


\ 





Display Escape Commands 


Character Seqvence | nate 

















































1B 41 ESC A Auto-Scroll Display 

1B 45. ESCExyz Set Environment (1) 

1B 47 ESC G Enter Graphics Mode 

1B 49 ESC | Select/Deseiect Display (toggle) 
1B 54 ESC T Perform Self-Test 

1B 58 4C ESG XL Transmit Line 

1B 3D ESC =xy Position Cursor (2) 

1B 57 ESC W Set Window Position 






1B 58 ESC X Transmit Display Line 





Notes: 
(1) Set Environment Sequence: 


Hex Code Character Sequence Function 

41 XX A (Attribute) Set Bit-7 Attributes 

42 YY ZZ B (On) (Off) Set Blinking Character Rate 
43 YY ZZ C (On) (Off) Set Blinking Cursor Rate 
52 XX R (Rate) Set Auto-Scroll Rate 

53 XX S (Character) Set the Cursor Character 


(2) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 


Connector J1 (Interface) Pin Assignments 


STROBE 
DATA 7 
DATA 6. 
DATA 5 
DATA 4 
DATA 3 
DATA 2 
DATA 1 
DATA 0 
NC _ 
ACK 


Note: *+5V on pins 1 and:40 can be disconnected by a jumper. 





8-39 








A65/40-0400 40-Character Display 





pa Transfer Timing Characteristics 


Data Set-Up Time 

Data Hold Time 

Strode Pulse Width Time 
Processing Time 
Acknowledge Width 
Strobe-to-Busy Time 
Acknowledge-to-Busy Time 


Note: t,, ts = 10 to 30 ns 


STROBE 





Data Transfer Waveforms 
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A65/40-0400 _ 





| “40-Character Display 





SPECIFICATIONS | 


Parameter 





Dimensions 
~, Width» 
Height* 

-  Depth* 


" Digit Dimensions 

Height © 
Width 

Power Requirements 

Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Interface Connector 


Power Connector — 





11.85 in. (301 mm) .. 
3.6 in. (91 mm) 
1.5-in. (38 mm) 


0.24 in. (6 mm) 
0.12 in. (3 mm) 





+5V +5% Regulated, 0.8A (typical), 1.0A (max.) 


OC to 50°C. 
55°C to +80°C . 

__ 0% to 95% (without condensation) 
40-pin 3M #3495-1002, or equivalent, connector. Mates with 3M 
#3418-0000T, or equivalent, ribbon cable.connector.. 
Two-post terminal block 


‘Note: “Dimensions do not include mounting brackets. 





Input High Voltage 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


; fa 
p ‘ 





Parameter 
Input Low Voltage 


Input High Current’ 
(Vin = 2.4V) 


‘Input Low Current 


*- Output High Voltage 


- (Ikon = — 100A) — 
Output Low Voltage 
(Loan = —3 mA) 
Output High Current (Sourcing) °’ 
(Von? 24V) 
Output Low Current (Sinking) 
(Vol <0.4V) 9 | 





(Vic = 0.4A) 
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40-Character Display 











Character Display 
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A65/40-0600 
AIM 65/40 Microcomputer Family 


A65/40-0600 


AIM 65/40 GRAPHICS PRINTER 


Rockwell 





OVERVIEW 


The A65/40-0600 Graphics Printer is one of the hardware options 
‘available for the AIM 65/40. Microcomputer Family. 


‘The Graphics Printer is a microprocessor-controlled dot matrix 
thermal printer, with a 4K byte character font/program ROM, 
“and a paper feed switch. In the test mode, up to 40 characters 
can be printed using 7 x 8 dot matrix characters. in the graphics 
mode, all'280 horizontal dot positions on a row are individually 
controlled, and any. number of rows may be printed. 


The printer mechanism Inclides a thermal head, platen, motor, 
drive linkage and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 


fields. Each element is a discrete point which rides against heat 


sensitive paper. During a print cycle, the thermal head moves 
horizontally across the paper. Control logic turns on the thermal 
head drivers to heat the sensitized paper when a dot is to be 
printed. When an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots. 


The printer. controller includes an R6504 CPU, RAM, I/O, timer, 
clock and reset circuitry. The 4K byte ROM contains both the 


CPU instructions ‘and the individual character bit patterns. The 


_ROM is socketed, and can be replaced by a user-supplied 
' PROM or ROM, to provide a custom character set. The con- 











A6&/40-0600 Graphics Printer 


troller performs printer motor and thermal head timing and con- 
trol functions, to enable the printer to operate independenily 
from the host computer. Further, the controller handles the com- 
munications interface, and processes the commands and data 
to be printed. 


Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An Internal 
buffer accepts up to 80 characters for printing. The controller 
automatically prints the first 40 characters in the text mode or 
after receiving each row of 280 dots in the graphics mode. The 
paper can also be advanced with a paper feed command, or 
manually, using the paper feed switch. 


A three-post terminal block connects to +5V, +24V and GND. 
The +5V supplies the control circuiiry while the +24V powers 
the motor and thermal head drivers. On-board potentiometers 
allow motor speed and dot print intensity to bé manually adjusted. 


FEATURES 


e: Intelligent controller 

— Independent operation 

— User command flexibility 

—Centronics type handshake interface 

— Separate character font/program ROM 
40-column text/semi-graphics 

—256 character set 

.— Upper and lower case alphabetics 

—Numbers including superscripts and subscripts 
—Math symbols 

—European and Greek characters 

Full graphics capability, 

—280 dot x n . 

— Individual dot control 

—Print complex wave forms and digitized photographs 
Fast—240 lines per minute 

Quiet, thermal operation 

User alterable dot timing 

Printer self-test 

Requires only +5V and +24V 
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A65/40-0600 | AIM 65/40 Graphics Printer 


Printer Control Commands 


Hex Hex : ; 
| Code Character Description Code =| Character . Deseription . 
00 * 


Pass Through Next Character 


* 


Clear Line 
Clear to End of Line 
Clear Line 
Clear to End of Line 
Clear Line 


* 

Toggle Insert Character Mode 
Delete One Character 
Turn Cursor On 

Turn Cursor Off 

Cold Reset 

Warm Reset : 
Escape Command (ESC) 
Print Buffer Without Clear 
Print Display Image (Window) 
Paper Feed 


« 


Clear to End of Line 

Backspace (<) 

Horizontal Tab (—) 

Line Feed (1) 

Line Feed (1) 

Form Feed 

(Home on Line) 

(Home on Line) 

Carriage Return (Home on Line) 





Note: “These characters are acknowladged, but do not otherwise affect printer operation. 


Printer Escape Commands 






Position Cursor (1) 

Set Environment (2) 

Enter Graphics Mode 
Transmit Character Definition 
Periorm Seif-Test 


Notes: 
{1) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 


(2) Set Environment Sequence: 
Hex Code Character Sequence Function 


41 XX A (Attribute) Set Bit 7 Attributes 

47 XX G (Length) Set Gap Between Pages 
50 XX P (Length) Set Page Length 
54 XX T (Time) - Set Dot Print Time 


8-44 





| A65/40-0600_ — AIM 65/40 Graphics Printer 


Data Transfer ‘Timing 


a a 


Data Set-up Time’ 

Data Hold Time 

Strobe Pulse Width Time 
Processing Time (non-printing) 
Processing Time (printing) 
Acknowledge Pulse Width Time 
Strobe-to-Busy Time : — 
Acknowledge-to-Busy Time 


Note: t, ty = 10 to 30 ns 


STROBE 





Data Transfer Waveforms. 
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A65/40-0600 AIM 65/40 Graphics Printer 





SPECIFICATIONS 


Dimensions. i 
Width 7.6 in. (493 mm) 


Length 6.3 in. (160 mm) 
Height 3.0 in. (77 mm) 


Environment 
Operating Temperature 0°G to 50°C. 
Storage Temperature 0° to 70°C 
‘Relative Humidity 0% to 85% (without condensation) 


Power Requirements +5V +5% Regulated, 0.3A (typical): 0.4A (max.); 0.4 (peak) 
+24V (+3.6V, -2.6V) Unregulated, 2.5A (typical); 4.0A (max.); 6.3" (peak) 


Interface Connector 40-pin 3M#3495-1002, or equivalent, receptacle. Mates with 3M 
#3418-0000T, or equivalent, ribbon cable connector. 





Power Connector 3-post terminal block 


Note: *+24V peak current specified as worst case with printer duty cycle of 75%. For most.cases, a +24V 4A power supply is sufficient. 


Connector J4 (System Interface) Pin Assignments 


BUSY 
PAPER FEED 
RES 
STROBE 
Data 7 
Data 6 
Data 5 
Data 4 
Data 3 
Data 2 
Data 1 
Data 0 
NC_ 
ACK 


Note: *Power on pin 1 and 40 can be disconnected from this connector with on-board jumpers. 
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NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


a A SS 


Input High Voltage 

Input Low Voltage 

Input High Current 

(Vin = 2.4V) 

Input Low Current 
(Vit = 0.4A) 

Output High Voltage 

(lLoap = — 100A): 

Output Low Voltage 

(lLoan = —3 mA) 

Output High Current (Sourcing) 
(Von = 2.4V) 

Output Low Current (Sinking) 
(Vo. = 0.4V) 
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OVERVIEW. 


The A65/40-0800 Video Display Controller (VDC) module inter- 
faces the A65/40-1000.Rockwell AIM 65/40 Single Board Com- 
puter, RM65-1000 Single Board Computer or RM65-5223 Multi- 
Function Peripheral Interface module, or any other host com- 
puter with an industry compatible Centronics-type parallel inter- 
face, to a CRT monitor or TV receiver. The VDC module outputs 
an NTSC compatible composite video on one connector and 
separate HSYNC, VSYNC and VIDEO signals at TTL levels on 
another connector for convenient CRT interfacing. 


With its integral microcomputer controller, built-in commands 
provide selectable and programmable screen formatting, flex- 
ible text handling and editing, and full graphics drawing and data 
display functions. These CRT-oriented functions extend the use 
of the AIM 65/40 microcomputer into new man-machine. appli- 
cations in the factory, office, laboratory and classroom. 


In the text mode, preprogrammed formats of 80 characters x 
24 lines or 40 characters x 24 lines are selectable. Other for- 
mats are user programmable. Eight pages of text are available 
(in the 80 x 24 format) with automatic page sizing for other for- 
mats. The 4K-byte character generator ROM contains bit pat- 
terns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters. 


The full graphics mode incorporates bit mapping of 280. x 224 
pixels, which is compatible with the Rockwell AIM 65/40 Graphics 
Printer (A65/40-0600). Line drawing commands move a pen 
and draw or erase lines using either relative or absolute position 
reference. Data byte capability allows individual-dots to be con- 
trolled using a 40 bytes per dot line format (seven dots per 
byte). In addition, the entire screen display data can be trans- 
mitted to the host. computer. - 








A65/40-0800 VDC Module 


A65/40-0800 
AIM 65/40 Microcomputer Family 


AIM 65/40-0800 — 


VIDEO DISPLAY CONTROLLER 


(VDC) MODULE 


FEATURES 


e Independent Intelligent: Controller 

—6502 CPU Based 

—Centronics-type Parallel Handshake Interface 
—~4K-byte Program ROM 

— 4K-byte Character ROM 

—16K-bytes of Refresh RAM 

Flexible Text Mode Operation 

— Selectable 80 or 40 Colurnns x 24 Lines 

— Other Screen Formats Programmable . 
—Muttiple Text Pages 

— Cursor Movement and Positioning 

— Character and Line Editing -. 

—Line, Page, and Butfer Control 

—Inverse Video on a Character Basis 

e 256 Character ROM 

— Upper- and Lower-case Alphabetics : 
—Numerals Inctuding Subscripts and Superscripts 
— Math Symbols 

— European and Greek Letters 

—Semigraphic Symbols 

Full Graphics Mode 

—280 x 224 Pixels Resolution 

—Line Drawing Functions 

—{ndividual Bit Map Control 

—Transmit Screen to Host. 

Two Video Output Formats 

— Separate VIDEO, HSYNC and VSYNC TTL Signals 
—NTSC or European Compatible Composite VIDEO Signal 
e Self-Test 

e +5V Operation 


SELF-TEST 


A self-test function tests the microcomputer RAM, calculates and 
displays the program ROM check-sum, and displays all the 
characters generated by the Character Generator ROM.  — 
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FUNCT IONAL DESCRIPTION 


The A65/40-0800 VDC module consists of four. major sections: 
e. Microcomputer Section | 

e CRT Section 

e Oscillator 

e DC/OC Power Converter 

The microcomputer section consists of a R6502 Central Pro- 
cessing Unit (CPU), R6532 RAM, Input/Output and Timer (RIOT), 
a 4K-byte. R2332 program ROM, ‘address decoder, reset timer 
and associated: support circuitry. The CPU also has major inter- 
faces with. the R6545-1 CRT Controller (CRTC) and the refresh 
RAM (through address multiplexers) in the CRT section, Internal 
data, address and control bus lines interconnect these devices 
within the VDC module. 


The CPU controls the transfer of data received from the host 
computer on data lines DO-D7 through the RIOT onto internal 


data bus'lines. if the data is a command, the CPU performs the: 


associated processing and sends appropriate commands to the 
R6545-1 CRTC. Display data is passed from the CPU ‘onto the 
refresh RAM for subsequent display as text or graphics. — 


The 4K-byte Program ROM contains the CPU program instruc- 

- tions which. implement the control and escape commands. This 

ROM can be replaced with a compatible 4K- or 8K-byte PROM/ 

ROM device for custom applications. : 

' The R6532 RIOT supplies the RAM and I/O required for CPU 

control. Eight of the 16 VO port lines interface the data I/O: lines 

while two lines.service the STROBE and ACK signals at the 

connector J1 interface. Five other lines (80/40 characters/line, 

‘normal/inverse video, display mode, blanking and DISPLAY 
ENABLE) interface with the CRT section. 


The CRT section consists of the R6545-1 CRTC and other logic 
to generate, combine and output the ‘video signal. The R6545- 
1 CATC provides the interface between. the CPU and the rest 
of the CRT section. The CRTC generates refresh RAM addresses 
_ and character generator row addresses to allow text or graphics 
“ data to be accessed from the refresh RAM for converting to 
_ Video format. 


The CRTC operation is controlled by the contents of 16 internal 
registers which specify such screen format characteristics as 
the number of total and displayed horizontal characters, hori- 
zontal syne position, VSYNC and HSYNC pulse widths, number 
of total and displayed vertical rows, and the number of scan 
lines per character. In addition, the cursor position address and 
the display start address inthe refresh RAM are programmable 
as. are. the.cursor character start and ‘Stop scan lines, 
oT 


AIM 65/40 VDC Module 


Eight 4116 16K =x. 1 dynamic RAM: devices comprise. the, 16K- 

byte refresh RAM. This RAM Is accessed by both the CPU ‘and 

the CRTC through address multiplexers, Separate address liries. 
from the CPU and from the CRTC are connected to the multi-. 
plexers which in turn output the RAM address lines ta access 

the refresh RAM. An additional 16K x 1 RAM.device | stores the 
normal/inversé status for each text Character. 7 


During the display trace, the CRT addresses the refresh RAM 
to output the text characters or graphics data on the RAM data 
output lines. DATA is retrieved from the RAM at the 1.714 MHz 
clock rate during 80 column text mode and at 0.857. MHz in the 
40 column text mode and in the graphics mode. The data from 
the RAM is latched for text or graphics output. 


In the text mode, the ASCII character codes on the latched. 
refresh RAM data output lines form the character address to the 
character generator ROM. During text display, the bit patterns 
corresponding the ASCII characters are output on ROM data 
lines to the text parallel-to-serial converter which then shifts the 
data out serially to the video combining circuit. 


In the graphics mode, each byte in the refrash RAM contains 
a dot pattern rather than a character ASCII code. The bit pat- 
terns on the latched refresh RAM output data are loaded directly 
into the graphics parallel-to-serial converter which then shifts 
the data out serially to the video combining circuit. 


The selected text or graphics serial data is combined with the 
CURSOR signal, the BLANK signal and the character INVERSE 
signal. 


This merged video signal is then converted to T-TL level and 
routed to connector J3 as the separate video signal. The VSYNC 
and HSYNC outputs from the CRTC are routed through drivers 
to the same connector. 


The driven VSYNC and HSYNC signals are nor'ed to produce 
the combined SYNC signal. The SYNC signal is then combined 


.with the merged video signal, converted to. NTSC format and 


routed to connector J2 as the composite video signal. Trimmer 
potentiometers allow adjustment of the contrast and brightness 
levels. 


The VDC module operates on + 5V provided either fram the host 
computer through connector J1 or from a.terminal block (TB1) 
connection. +12V and —5V are generated on-board by a DC;/ 
DC power converter. Optional connections on TB1 also allow 
+12V and —5V to be provided externally. 


AIM 65/40 VDC Module 
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A65/40-0800 AIM 65/40 VDC Module 





SPECIFICATIONS 


[Parone dC OSCSCSC—~—SCSCS 


Outside Dimensions 
Width 11.85 in. (301 mm) 
Height* 4.9 in. (124 mm) 
Depth* 0.6 in. {14 mm) 
Component Height 0.4in, (10mm) 
Lead Protrusion ; 0.1 in, (2.5 mm) 


ee 


Environment 
Operating Temperature 0°G to 70°C 
Storage Temperature —55°C to +85°C 
Relative Humidity 0% to 85% (without condensation) 


Power Requirements : ; 
Internally Generated +12V and —5V - +5V +5% Regulated —0.85 A (typical); 1.5A (max.) 
Externally Supplied +12V and —5V +5V +5% Regulated—0.5 A (typical); 1.2A (max.) 

+12V +5% Regulated—200 mA (typical); 315 mA (max.) 
—5V +5% Regulated—1.4 mA (typical); 1.8 mA (max.) 


Interface Connection 
Host Computer 40-pin 3M #3495-1002, or equivalent, connector. Mates with 3M #3417-6040, 
“or equivalent, ribbon cablé connector , 
Separate Video 6-pin tight angle connector. Mates with AMP 87159-6, or equivalent, connector 
: (supplied with module) 
Composite Video" Single conductor screw-on right angie coaxial connector. Mates with Sealectro 
, 50-024-0000, or equivalent, connector (supplied with module) 
Power Connector : Four-post terminal block (+5V,+12V, —5V, and GNO) 





Note: “Dimensions do not include mounting brackets. 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


a 


Input High Voltage 

Input Low Voltage 

Input High Current 

(Vin = 2.4V) | 

Input Low Current 

(Vi_ = 0.4V) 

Output High Voltage 

(I LOAD < —100 yA) 

(| LOAD = —3 mA) 

Output Low Voltage 

(| LOAD < 1.6 mA) 

Output. High Current (Sourcing) 
(Von = 2.4V) 

Output Low Current (Sinking) 
(Vo. = 0-4V) | 
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1A65/40-0800 _ | AIM 65/40 VDC Module 





Connector .J1 (Interface) Pin Assig nments 





























BUSY 
NC 
RES 
STROBE 
DATA 7 
DATA 6 
DATA 5 
DATA 4 
DATA 3 
DATA 2 
DATA 1 
DATA 0 
NC_ 
ACK 









ee 


Center _ Composite Video NTSC 
Shield GND 






‘Data Set- “Up Ti Time 
Data Hold Time 
Strobe Pulse Width Time . 
Processing Time 
‘Acknowledge Width 
Strobe-to-Busy Time 
Acknowledge-to-Busy Time | 


Note: t,, ff = 10 to 30ns — 








; STROBE 


Data Transfer Waveforms 
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Video maine Control Commands 


Hex . Control Control. ; 
Code Character Description Character Description 


Pass Through Next Character 
Clear Line Next Page 
Clear to End of Line . Previous Page 
Clear Page Toggle Insert-Character Mode 
Clear to End of Page Delete One Character 
Clear Butfer Insert One Line 
Clear to End of Buffer Delete One Line 
- Display Cursor 
Cursor Left (Backspace) Blank Gursor 
Cursor Right (Horizontal Tab) Cold Reset 
Cursor Down (Line Feed) Warm Reset 
Cursor Up (Vertical Tab) : Escape Command (ESC) 
Next Page (Form Feed) Cursor Down (Line Feed) 
Home on Line (Carriage Return) Home Cursor on Last Line 
Home on Page Cursor Up (Vertical Tab) 
. Home on Buffer 7 


Note: *Characters with no indicated function are acknowledged, but do not otherwise affect display operation. 





Video Display Escape Commands 


1B 3D ESC =YX ae Position:-Cursor 
1B 45 ESCEXY2Z Set Environment 
1B 45 44 XX ESC E D (Character) Set Blanking Character 
1B 45 45 XX YY ESC E E (Register) (Value) Set CRTC Register 
1B 45 4D Xx ESC E M (Mode) Set Display Mode 
1B 47 ESC G Enter Graphics Mode 
1B 49 ESC! Sélect/Deselect Display 
1B 40.42 ESCLB Lock Buffer Bottom 
1B 4C 54 ESC LT Lock Buffer Top 
1B 52 ESC R Toggle Reverse Video 
1B 54 ESC T Perform Self Test 
1B 55 42 ESC UB Unlock Buffer Bottom 
1B 55 54 ESC UT Unlock Buffer Top 
1B 58 4C ESC XL Transmit Line 
1B 58 50 ESC XP. Transmit Page 

« 1B 58 42 ESC XB Transmit Buffer 





Video Disptay Graphics Commands 


Move Absolute 
Draw Absolute 
Erase Abloiute 
Move Relative 

Draw Relative 

Erase Relative 
Clear Screen 

Home Pen 

Dump Graphics Buffer 
Position Byte Cursor 
Exit Graphics 

Send Graphics Byte 
* 


* 
* 


* 





Note: “Characters with no indicated function are acknowledged but do not otherwise affect the display. 
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“. translates computer program instructions written in standard’. 


A65/40-7010 
AIM 65/40 Microcomputer Family 


g% | - (A65/40-7010 


AIM 65/40 ASSEMBLER ROM 
Rockwell 





ASSEMBLY LANGUAGE FEATURES 
An assembler translates microprocessor instructions and data ¢ AIM 65/40 Microcomputer host 
statements written in symbolic form (the source program) into e 6502 machine code generation 
machine executable code (the object program). The AIM 65/40 ¢ ROM-resident for immediate operation 
Assembler translates one instruction, consisting of a label (if ipa a 
required), a mnemonic operation code, an operand (if required) ° Symbolic linkage-—-Sperands and labels 
and arithmetic operator (if required) into. a machine instruction © Interactive assembler operation setup’ 
consisting of from one-to three bytes of memory. Constants e Operator selected input device 
‘comprising one or more bytes of memory are generated from —Memory (text buffer in RAM) 
data statements while one-or more bytes of memory are. assigned —Floppy disk 
to variables. The assembler operates in two passes. Pass 1 “Audio tape 
checks for syntax errors and assigns values to symbols in a can 
- symbol table. Pass 2 generates the actual machine code and —Serial 
~ outputs the assembly listing which lists the source code and the —User defined (interactive and non-interactive) 
corresponding machine code. e. Operator selected object code output device: 
. - . —Memory (RAM) : 
The-source code is usually entered and edited using the AIM —-Floppy disk 
65/40 Text Editor then assembled to generate the machine code" Avice tae 
‘for program execution and debugging. Program changes to the = 2 ed tape 
source program can easily be edited then the program reas- —Serial 
sembled to generate the new machine code thus eliminating the — User-defined (interactive and non-interactive) 
need for the programmer to code and recode the program in —Display/printer 
machine code—a time consuming and laborious process. — Printer 
7 e Operator selected assembly/error listing output device 
PRODUCT OVERVIEW . --=-Display/printer 
The AIM 65/40 Assembler is a 4K-byte ROM-resident, two-pass ‘—Printer 
symbolic assembler that plugs into socket Z64 on the AIM — Serial 
65/40. Microcomputer Single Board Computer (SBC) module —User-defined (interactive and non-interactive} 
and operates in conjunction with the AIM 65/40 YO ROM and e Assembler directives 


the AIM 65/40 Debug Monitor/Text Editor ROMs. The assembler AIM 65/40 DOS 1.0 and BDOS. 1.0 compatible 


assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating MEMORY. MAP 


options are selected interactively by the operator upon assembly’ Ser 
Retirees (Hox) 


command. These options specify source code device, object 
$9000-$9FFF a) Assembler Program 
$0-$D6 : Assembler Variables 


code device, symbol table location, full assembly. or errors orily : 












output listing and output listing device. A repeat command 
invokes the assembly according to: previously commanded 
options for rapid setup during program debugging; editing and 
reassembly. Memory to: memory assembly is supported to speed © ORDERING INFORMATION 


program generation. Compatibility with the RM 65 Floppy Disk 
Controller (FDC) module (RM65-5101NE) and AIM 65/40 DOS | PartNo, 
1.0 (A65/40-7090) and AIM 65/40 BDOS 1.0 (A65/40-7092) A65/40-7010 
allows source code to be input from one or more files on a floppy —___ 


disk and object code to be output to a floppy disk file to assemble 
Note: 
(1) Included with A65/40-7010. 


very large programs and to permanently save source and object 













code, 
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A65/40-7010 | | ‘AIM 65/40 Assembler ROM 
R6502 CPU INSTRUCTIONS 





Add Memory to Accumulator with Carry oles Load Accumulator with Memory 
AND Memory with Accumulator ; ‘ Load Index X with Memory 
Shift Left One Bit (Memory or Accumulator) LO Load Index Y with Memory 


Branch on Carry Clear Shift Right One ‘Bit (Memory or Accumulator) 


Branch on Carry Set No Operation 
Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus Push Accumulator on Stack 
Branch on Result Not Zero Push Processor Status on Stack 
Branch on Result Pius Pull Accumulator from Stack 
Force Break ; ; Pull Processor Status from Stack 
Branch on Overtlow Clear ; 
Branch an Overflow Set 


OR Memory with Accumulator 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Clear Carry Flag Return from Interrupt 

Clear Decimal Mode Return from Subroutine 

Clear Interrupt Disable Bit : 
Clear Overtiow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 
Set Decimal Mode 

Set Interrupt Disable Status 

f Stora Accumulator in Memory 

Decrement Memory by One Store Index X in Memory 

Decrement Index X by One Store Index Y in Memory 

Decrement Index Y by One 





Transfer Accumulator to Index X 
Exclusive-OR Memory with Accumulator : Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulalor 


Increment Memory by One 
Incrament Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


AIM 65/40 ASSEMBLER DIRECTIVES 


a 





































Equate ’ Listing control option 

Byte constant ST eNGE Assembly listing generation 
Word constant GEN/NOG Object code question 
Double-byte constant ERR/NOE Error listing generation 
Page heading FILE Sourcé code file linkage 

Skip ‘tine(s) .END 


Last Sslomanvass® source code file linkage 
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DESCRIPTION 


The AIM 65/40 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the AIM 65/40 Microcomputer 
and generates code for execution by any central processing unit 
(CPU) in the Rockwell R6500 NMOS microprocessor, R6500/* 
NMOS one-chip microcomputer and R65C00 CMOS micropro- 
cessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 
statements written in symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information), Constants comprising 
one or more bytes of memory are generated from data state- 
merits while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions, 
to be pre-defined for in-line code inclusion by specifying only 
the macro name. Conditional assembly allows portions of 
instruction sequences or macros to be included in (or excluded 
from) in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 


nating duplicate coding efforts for similar processing tasks and 


increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 


LINKING LOADER 


The inking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
‘manageable size modules and integrated by the linking process. 
This also allows program changes to be made to one module 
without affecting any of the other modules—a key requirement 
in many program validation and certification procedures. 


Small programs can still be assembled into absolute executable 
code without using the jinking loader, however, to simplify 
development. 


The assembler/loader operates in conjunction with the AIM 65/40 
BDOS 1.0 Upgrade Kit (A65/40-7092). 





A65/40-7012 
AIM 65/40 Microcomputer Family 


A65/40-7012 
AIM 65/40 MACRO ASSEMBLER 
& LINKING LOADER 


MACRO ASSEMBLER FEATURES 


e Supports three CPU families 
—R6500 NMOS Microprocessor 
—R6500/* NMOS Microcomputer 
—R65C00 CMOS Microprocessor 

e Flexible code generation | 
— Absolute executable code 
—Relocatable linkable code’ 

e Macro definition includes 

— Multiple parameters 
— Other macros 

— Assembler 

Macro call includes 
—Macro name 

-—Argument list 

e Condition assembly 

— IF condition 

—ELSE complementary condition 

— 12 conditional operators 

Symbol cross reference tale 

~—Lists defined and used symbols 

— Alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

—Load map of module locations 

— Symbolic debug table 

— Symbol table 

Interactive or command file setup 


ORDERING INFORMATION 


Deseription 


A65/40-7012 | AIM 65/40 Macro Assembler and Linking Loader’) 


Order No. Description 


AIM 65/40 Macro Assembler and Linking Loader 
User Manual?) 


Notes: 

1, Requires RM 65 Floppy Disk Controller (FDC) module 
(AM65-5101NE) and AIM 65/40 BDOS 1.0 Upgrade Kit 
(A65/40-7092). 

2. Included with A6§/40-7012. 











Document No. 29001D28 


Data Sheet Order No. D128 
Rev. 1, January 1984 


A 


Rockwell 


" 65/40-7020 
AIM 85/40 Microcomputer Family 


7 A65/40-7020 | 
AIM 65/40 BASIC INTERPRETER ROMS: 





BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth. University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is-a set of easily learned English words 
which are used as commands, Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal. floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E — 39 to 1.70141 183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65/40 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and Input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
270 and Z71 on the AIM 65/40 Microcomputer ‘Single Board 
Computer (SBC) Module. AIM 65/40 BASIC operates in one of 


two modes, development ‘and tun-time. In the. development 


mode, BASIC statements are entered and executed as sither 
direct or indirect commands. Direct commands are executed 
upon entry to provide immediate results, however, the state- 
ments are not Stored for subsequent execution. Indirect com- 
mands are entered along with an associated line number and 
_are executed upon RUN command entry. The AIM 65/40 Text 
Editor can be conveniently used to load indirect statements into 
the Text Buffer for entry into BASIC to simplify program editing. 
The AIM 65/40 microcomputer peripherals, i.e., keyboard, 40- 
character. single line display/video display controller module and 
graphies printer, are used in the development mode to enter 
statements, to fist entered \indirect statements and to display/ 
print execution results. . 


In the run-time mode, BASIC begins execution of the application 
program. (l.e.,. previously entered indirect statements) without 
entering the BASIC command level. The AIM 65/40 peripherats 
are not required in their mode unless used in the application. 
The AIM 65/40 YO ROM must be resident (but not the Debug 
Monitor/Text Editor ROMs) for run-time support. A short user- 
provided driver program initializes BASIC upon power turn-on 
‘or RESET via the AIM 65/40 VO ROM auto-start linkage. 


| A65/40-7020 


LANGUAGE FEATURES 


e BASIC is easy to learn 
e Microsoft BASIC is universally accepted 
e BASIC is widely used 
e Supports simple and complex statements 
e Floating point arithmetic functions . 
—Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 
—Natural logarithm 
String variables and arrays 
Integer variables 
Subroutine calls 
Conditional expressions 
User function 


INTERPRETER FEATURES 

e AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host , 
ROM resident for immediate operation 

e Operates in development and run-time. modes 

Fast execution (reference Microsoft 6602 BASIC 
interpretation) _ 

e Executes application program from RAM or PROM 
Develops programs for execution in either AIM 65 Microcom- 
puter or in RM 65 SBC module based system with AIM 
65/40 BASIC ROMs installed. 


ORDERING INFORMATION 


. Description 
_AIM 65/40 BASIC ROMs 
Description 
AIM 65/40 BASIC User'g Manual” 
AIM 65/40 BASIC Reference Card" 


299 
2100 


NOTES: 
* Included with A65/40-7020. 
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A65/40-7020 AIM 65/40 BASIC inearpreter ROMs 
MEMORY MAP- PROGRAMMING . 

: The application Program can easily be ‘programmed into a PROM ‘ 
- —— = for operation in an OEM or end-user environment using an’ RM 
$C000-$DFFF AIM 65/40 BASIC. Program 65 PROM Programmer madule.(RM65-2901E) connected to an 

; $700- $706. AIM 65/40 BASIC Variables and Vectors AIM 65/40 Microcomputer. 4 ; 


$0-$6D * '_ AIM 65/40 BASIC Variabies ae 


The AIM 65/40 BASIC Interpreter ROMs can also be. used in an 
RM 65 environment in elther development or run-time mode. 
When installed in an RM 65 SBC module based system along 
with the RM 65 //O ROM, AIM 65/40 peripherals can be used 
to support development as well as run-time operation. 





AIM 65/40 BASIC STATEMENTS 


Program: Statements: os Commands —_.. ‘String Functions 





DEF FN CLEAR ASC 

DIM ‘CONT CHR$ . 

‘END FRE LEFT$ 

FOR . LIST. LEN 

GOSUB LOAD MIDS .. 

‘GOTO NEW RIGHTS: 

IF.., GOTO PEEK STAS. * 
IF... THEN POKE VAL 

LET RUN a 

NEXT SAVE Arithmetic Functions 


ABS . 
DATA of GOs. 
GET EXP 
INPUT ‘INT 
READ LOG 
PRINT RAND 
SPC SIN 
TAB “SGN 
POS SQR 

- FILE” se TAN 


ON... GOTO Input/Output 
REM” of 
RESTORE 
RETURN 
STOP 


‘USR 
WAIT 





“Links to user-defined function. 
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BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
muttiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental functions 
support trigonometric, exponential, Square, square root, poly- 
nomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65/40 BASIC Compiler, consisting of the BASIC Com- 
piler and BASIC run-time library, is contained on an AIM 65/40 
diskette. The BASIC Compiler, in conjunction with the BASIC 
run-time library, compiles a program written in the BASIC lan- 
guage into a 6500 assembly language source file and an optim- 
ized run-time library file. The BASIC source code file is made 
up. of indirect BASIC commands and statements. The two output 
files, assembly source file and optimized run-time file, are then 
assembled using the AIM 65/40 assembler to create a BASIC 
object code file for execution. 


The AIM 65/40 Text Editor can be used to create and edit the 
application program source code. The AIM 65/40 peripherals, 
i.e.,, keyboard, 40-character single line display/video display 
controller module and graphic printer, are used to enter and list 
BASIC statements and to display/print execution results. 


The disk-based compiler operates on the AIM 65/40 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65/40 DOS 1.0 or BDOS 1.0 firmware. The 
AIM 65/40 Assembler (Part No. A65/40-7010) or the AIM 65/40 
Macro Assembler (Part No. A65/40-7012) option is required to 
support the BASIC Compiler on the AiM 65/40 Microcomputer. 
The AIM 65/40 I/O ROM must be resident for BASIC I/O support 
during application program execution, i.e., to run the program 
after compilation and assembly. 


A65/40-7024 
A65/40 Microcomputer Family 


A65/40-7024 


AIM 65/40 BASIC COMPILER 


LANGUAGE FEATURES 


e BASIC is easy to learn 
e Microsoft BASIC is universally accepted 

e BASIC is widely used 

e Supports simple and complex statements 

e Floating point arithmetic functions 

— Add, subtract, muttiply, divide 

—-Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

—Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


COMPILER FEATURES 

e AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host 

Generates standalone code 

Compiles to 6500 assembly language easing optimization 
Fast execution 

Executes application program from RAM or PROM 


Develops programs for execution in either AIM 65 Microcom- 
puter or in RM 65 SBC module based system without AIM 
65/40 BASIC ROMs installed. 


ORDERING INFORMATION 


2100 AIM 65/40 BASIC Reference Card* 


Note: 
*Included with A65/40-7024. 
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-7024 


AIM 65/40 BASIC Compiler 





MEMORY MAP 


Address (Hex) , 


$1000-$ 


3C00 


Contents 





$0-$100 


AIM 65/40 BASIC STATEMENTS 


Program Statements 


DEF FN 
DIM 

END 

FOR 
GOSUB 
GOTO 
(IF... GOTO 
IF... THEN 
LET 
NEXT 
ON.. 
ON.. 
REM 
RESTORE | 
RETURN 
STOP 

USR 

WAIT 


. GOSUB 
. GOTO 


“Links to user-defined function. 


. AIM 65/40 BASIC Compiler. 
| _ AIM 65/40 BASIC Variables _ 


Commands 


PEEK 
POKE 


Input/Output 


DATA 
GET 
INPUT 
READ 
PRINT 
SPC 
TAB 


POS 
_ FILE* 
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PROGRAMMING 


The application program can easily be programmed into a PROM 
for operation in an OEM or end-user-environment using an’RM 
65 PROM Programmer module (RM65- -2901 E) eonmecied to an 
AIM 65/40 Microcomputer. 


When used in an RM 65 SBC module eae along with 
the RM 65 /O ROM, AIM 65/40 peripherals can be used to sup- 
port the BASIC Compiler operation. 


String Functions 


ASC 
CHRS$ 
LEFTS . 
LEN 
MIDS 
RIGHT$ 
STR$ 
VAL 


Arithmetic Functions 


ABS 
ATN 
cos 
EXP 
INT 
LOG 
RND 
SIN 
SGN. 
SQR 
TAN 
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FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the AIM 65/ 
40 Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from -127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to “1”. Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very smali numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183E+38 can be handled in the 
AIM 65/40 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 


PRODUCT OVERVIEW 


The AIM 65/40 Math Package contains a full complement of 
floating point arithmetic, conversion, trigonometric, utility and 
other transcendental functions as user-callable subroutines in 
a 4K-byte ROM. Programmed in 6502 machine language for 
fast execution, these functions support calculation intensive 
applications. These functions are host computer independent 
and may be installed in any 6502 CPU based microcomputer 
supporting the memory map requirements. The math package 
is located at $8000-$8FFF to allow direct installation in an AIM 
65/40 Microcomputer, an RM 65 Single Board Computer (SBC) 
module or in an RM 65 PROM/ROM module. 


In addition to the machine language interface, direct linkage to 
AIM 65/40 FORTH provides floating point processing in the 
FORTH language. When installed in an AIM 65/40 Microcom- 
puter with AIM 65/40 FORTH also installed, the floating point 
words can be automatically linked to the FORTH vocabulary 
during FORTH initialization. Application programs written in 
FORTH can thus be both developed and executed on the AIM 
65/40 Microcomputer. For OEM or end user installation in an 
RM 65 system with user-provided input/output functions, such 
programs can be developed on an AIM 65/40 Microcomputer 
then transferred to an RM 65 SBC based system with AIM 
65/40 FORTH installed for execution in the RM 65 environment. 


A65/40-7040 
AIM 65/40 Microcomputer Family 


A65/40-7040 
AIM 65/40 MATH PACKAGE ROM 


FEATURES 


e Floating point arithmetic 
—Addition and subtraction 
—Multiplication and division 
e Integer arithmetic 
—Multiplication 
—Division 
e Comparison (<, =, >) 
e Trigonometric 
—Sine and cosine 
—Tangent and arctangent 
e Conversion 
—Degrees to radians 
—Radians to degrees 
e Polynomials 
—Consecutive power 
—Odd power 
Logarithmic 
—Natural log 
—Common log 
Square root, power, exponential 
Absolute value, integer and floating point sign, greatest integer 
6502 CPU machine instruction linkage 
Host computer independent 
AIM 65/40 FORTH compatible 
4K-byte ROM based 
Nine digit accuracy 
Wide range (2.93873588E —39 to 1.70141183E +38) 


ORDERING INFORMATION 


Part No. ‘ Description 


A65/40-7040 AIM 65/40 Math Package ROM 
A65/40-7050 AIM 65/40 FORTH ROMs 


Order No. Description 


2113 AIM 68/40 Math Package User's Manuai) 
2103 __ AIM 65/40 FORTH User’s Manuat?) 


Notes: 
1, Included with A65/40-7040. 
2, Included with A65/40-7050. 
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A65/40-7040 a AIM 65/40 Math Package ROM 


MEMORY MAP 











$8000-$8FFF AIM 65/40 Math Package Program 
- $AB-$C4 | AIM §5/40 Math,Package Variables 
$110-$132 . AIM 65/40 Math Package Variables 

MATH PACKAGE FUNCTIONS 
Assembly Assembly | 
Language FORTH Language | FORTH 
Label Word . _ Function Label Word - Function 

“INIT Initialize Math Package’ eo “SIN SIN Sine F . 

FADDT | F+ Floating Point Add ‘COS cos - Cosine 

‘FADD Floating Point Add (Memory) TAN - TAN | Tangent 
FSUBT pe Floating Point Subtract i ARGTAN | ARCTAN Are Tangent . 

FSUB Floating Point Subtract (Memory) _DEGRE DEGREES Convert Radians to Degrees 
FMULTT | F& Floating Point Multiply RADS RADIANS —_|Convert Degrees to Riadians : 
FMULT Floating Point Multiply (Memory) POLYX POLYODD Odd Exponent Polynomial 

FOIVT F/ Floating Point Divide POLY | POLY . Consecutive Exponent Polynomiai 
FDIV Floating Point Divide (Memory) MOVFM M>F . Move Number trom Memory to FAC 
IMULT Integer Multiply ) MOVMF | F>M Move Number from FAC to Memory 
iDIVID. Integer Divide MOVFA Move Number-from ARG to FAC . 

. FTOD Convert Floating Point to Integer MOVAF ‘Move Number from -FAC to. ARG 
DTOF “Convert Integer to Floating Point’ CONUPK i M>A Move Number from Memory'to ARG : 
NEGFAC Negate Floating Point Number . S>A Move Number from Stack to ARG 
ABS FABS Absolute Value of Floating Point Number| S>F | Move Number from Stack to FAC 
INT INT Truncate Floating Point Number _ *F>s Move Number from FAC to Stack 
SGN SGN Sign of FAC ta FAC FIN FIN Convert ASCII to Floating Point 
SIGN FSIGN ° Sign of FAC to ARG FOUT ' FOUT Convert Floating Point to ASCII 
FCOMP FCOMP Compare Floating Point Number MINLN MIN-WIDTH FOUT Minimum Field Width Variable 
SQR SQR Square Root DECLN DEC-LENGTH| FOUT No. of Places to the Right of the Dec- 
FPWRT t Raise to a Power imal Point Variable 
EXP © EXP Exponential 
LOG10 LOG Common Log 
LOG — LN Natural Log 
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FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications, Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy- managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO... LOOP, BEGIN... END, IF... THEN and IF... ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


in most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, witheut perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


AIM 65/40 Microcomputer host and target 
RM 65 SBC module based system compatible 
ROM resident for Immediate operation 
Application oriented 

Extensible language: 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 


A65/40-7050 
AIM 65/40 Microcomputer Family 


A65/40-7050 


AIM 65/40 FORTH ROMS 


PRODUCT OVERVIEW 


The AIM 65/40 FORTH system, consisting of primitives, 
interpreter, macro assembler and input/output functions, is con- 


-tained in two 4K-byte ROMs. These ROMs plug into sockets 


Z70 and Z71 on the AIM 65/40 Microcomputer Single Board 
Computer (SBC) module. Linkage to the AIM 65/40 YO ROM 
interfaces FORTH to the AIM 65/40 peripherals (keyboard, 
single-line display/video display controlier and graphics printer) 
and to user-defined functions. Interface with the AIM 65/40 
Debug Monitor and Text Editor ROMs supports machine level 
debugging and editing of application programs written in FORTH. 
Both interactive and batch modes of operation are supported. 
Interaction operation allows FORTH words to be compiled and/ 
or executed as they are entered for immediate debugging and 
operation. In the batch mode, FORTH words can be entered 
Into the Text Buffer then input to FORTH to.be compiled and/or 
executed. Batch mode allows an application program to be 
easily edited using Text Editor line- and screen-oriented 
commands. 


The AIM 65/40 FORTH ROMs can also be installed in an RM 

65 Single Board Computer (SBC) module based system 

for either development or runtime operation. This is especially 

attractive in OEM or end-user applications requiring a compact 

RM 65 modular computer assembly. The FRM 65. 
VO ROM, when also installed in this configuration, supports 

FORTH input/output operation with AIM 65/40 peripherals con- 

nected to AM 65 input/output modules. Vectored input/output 

functions support user-defined interface functions, as well, in an 

RM 65 installation. 


ORDERING INFORMATION 


A65/40-7050 | AIM 65/40 FORTH ROMs 
| A65/40-7040 | AIM 65/40 Math Package ROM 


2103 AIM 65/40 FORTH User's Manuat”” 


2104 AIM 65/40 FORTH Reference Card") 
2113 AIM 66/40 Math Package User's Manual! 


NOTES:. 
1. Included with A65/40-7050. 
2. Included with A65/40-7040. 
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AIM 65/40 FORTH ROMs 





DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are Jinked together to form a “‘dictionary,” which 
-is the central core of the language. Writing a program in 
‘FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
“way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system . to be completely reassembled or 
recompiled. ~ 


FORTH i is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A ‘data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much Memory: as you need. 


FORTH" ‘programs ‘are dcdaieas using “top-down/bottom- 


up” techniques. That is, the programmer bagins by defining - 


the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of.sub-modules have been 
defined, he’ starts coding, in FORTH, at those levels, working 


back up toward the top of the program, in pyramid fashion. . 
Each sub-module is a stand-alone component of the pro- ~ 


gram, and can be completely debugged without having the 
complete program in the system. This type of software 
development is difficult, if not impossibie, to do with most 
other high-level languages. 


FLOATING POINT FUNCTIONS. 


AIM 65/40 FORTH contains both a single- (16-bit) and double- 
(32-bit) precision integer arithmetic capability. In AIM 65/40 
or RM 65 applications where floating point arithmetic is 
desired, the AIM 65/40 Math Package may be used in con- 
junction with the FORTH: ROMs. These floating point func- 
tions may be called using FORTH words included in the math 
package ROM. When this ROM is. installed in socket Z63. on 
the AIM 65/40 SBC Module, the floating point math words 
can be automatically linked to the FORTH dictionary during 
FORTH initiatization. The AIM 65/40 Math Package can also 
be installed in either an RM 65 SBC module based system 
for operation in the RM 65 environment. 


MEMORY MAP 


hares (en 


$C000-$DFFF 
$8000-$8F FF 
$780-$7FF 


FORTH Program 

Math Package Program 
Terminal Input Buffer 
User Variables — 
FORTH User Variables 
Math Package Variables 
FORTH Variables 


$760-§77F 
$700-$75F 
$AB-8C4 
$10-SA8 
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FORTH WORDS 


STACK MANIPULATION 


DUP 
2DUP 
DROP 
2DROP 


RP@: 
BOUNDS . 


S 


DEFINING WORDS - 


‘<name> 


VARIABLE <narnd> 


CONSTANT <name> 
CODE <name> 
;CODE 


<BUILDS ... DOES> 


USER 


MEMORY 


@ 


{ 

Cc@ 

C! 

? 

+! 
CMOVE 
FILL 
ERASE . 
BLANKS 


TOGGLE 


Duplicate top of stack. 

Duplicate tap two’ ‘stack ‘items. - 

Delete top of stack. 

Delete top two stack items. 

Exchangé top two stack ‘items. 

Copy second item to top. 

Rotate third item on top. 

Duplicate only if non-zero 

Move top tern to return-stack. 

Retrieve item from return stack. 

Copy tep of return stack onto stack. 

Copy the. nth item to top. 

Return address. of stack position 

Return address of return stack pointer. 

Convert “address count” to “end- . 
address start-address.” 

Print contents of stack. 


Begin colon definition of <name>. 

End colon definition. 

Create a. variable <name> with initial 
value n; ratums address: when 
executed. — 


‘ Create a constant <name> with value - 


n; returns value when executed.. 

Begin definition of assembly-language 
primitive. Operation <name>. 

Used to create a new defining word, 
with execution-time “code routine” for 
this data type in assembly. 

Used to create a new defining word, 
with execution-time routine for this 
data type in higher- -level FORTH, 

Create a user variable. 


Fetch value addressed by top of stack. 
Store ni at address n2. 

Fetch one byte only. 

Store one byte only. 


.. Print contents of address. 


Add: second number on stack to 
contents of address on top.. 

Move n3 bytes. starting at address nt to 
area starting at address n2. 

Put byte 'n3 into n2 bytes starting at 
address n1. 

Fili n2 bytes in memory with. zeroes, - 
beginning at address n1.- 

Fill n2 bytes in memory with blanks, 
beginning at address ni. 

Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL 
HEX 
BASE 
DIGIT 


BRON +O 


Set decimal base. 
Set hexadecimal base. 


' Set number base. 


Convert ASCII to binary. 
The number zero. 

The number one. 

The number two. 

The number three... 
The number four. 
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FORTH WORDS (CONT'D) 
ARITHMETIC ANDO LOGICAL 


Add. 

Add double-precision numbers. 

Subtract (n1 — n2) 

Multiply. 

Divide (ni/n2). 

Modulo (i.6., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, than divide (n1-n2/n3), with 
double intermediate. 

Like -/(MQD, but give quotient only. 

Unsigned multiply leaving double 
product. 

Unsigned divide. 

Signed multiplication leaving double 
product. 

Signed remainder and quotient from 
double dividend. 

Unsigned divide leaving double quotient 
and remainder from double dividend 

- and single. divisor. 

Maximum. 

Minimum. 

Set sign. 

Set sign of double-precision number. 

Absolute value. 

Absolute value of double-precision 
number. 

Change sign. 

Change sign.of double-precision 
number. . 

Sign extend to double-precision 
number. . 

Increment value on top of stack by 1. 

Increment value on top of stack by 2. 


. Decrement value.on top of stack by 1. . 


Decrement value on top of stack by 2. 
Logical AND (bitwise). 

Logical OR (bitwise) 

Logica! exclusive OR (bitwise). 


COMPARISON OPERATORS 


True if n1 less than n2. 

True ifn1 greater than n2. 

True if top two numbers are equal. 
True if top number negative. 

True if top number zero. 

Tru if ul léss than u2. 

Same as 0=. © 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comment (terminate by right 
Parentheses on same line). 

Alter PFA to CFA, 

Alter PFA to: NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. 


CONTROL STRUCTURES 


DO... LOOP 
DO :.. +LOOP 
| 

LEAVE 


BEGIN... UNTIL 


BEGIN ... WHILE’ 


. REPEAT 


BEGIN... AGAIN” 


IF... THEN 


. ELSE ... THEN 


END 
ENDIF 


Set up loap, given index range. 

Like DO ... LOOP, but adds stack 

~ value to index. 

Place current index value on stack. 

Terminate loop at next LOOP or 
+LOOP. 

Loop: back to BEGIN until true at 
UNTIL. 


. Loop while true at WHILE, REPEAT 


_ loops unconditionally to Peal. 

Unconditional loop. 

It top of: ‘stack true, execute following 
_ Clause THEN continue; otherwise 
continue at THEN. 

If top of stack true, execute ELSE 
clause THEN continue; otherwise . 
execute following clause, THEN. 
continue. , 

Alias: for UNTIL. 

Alias for THEN. 


COMPILER-TEXT INTERPRETER 


(COMPILE) - 
COMPILE 


LITERAL 
DLITERAL 


EXECUTE 
[ 
] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 


ALLOT 


TASK 


- FIND 


-DP 


C, 


PAD 
IMMEDIATE 
INTERPRET 


LATEST 


LIT 

CLIT 
LITERAL 
SMUDGE 
STATE 


Force compilation of IMMEDIATE word. 


. Compile following <name> into 


dictionary. 
Compile a number into a literal. 
Compile a double-precision number into 
a literal. 
Execute the definition on top 61 stack. 
Suspend compilation, enter execution. 
Resume compilation. 


Create a dictionary header. 
FORGET. all definitions from <name> 
‘on, : 


. Returns address of next unused wie in 


the dictionary. 
Leave a gap of n bytes in the 
dictionary. 
A dictionary marker. 
Find the address of <name> in the 
dictionary. 
Search dictionary for <name>. 
User variable containing the dictionary 
pointer. 
Store -byte into dictionary. 
Compile a number into the dictionary. 
Pointer to. temporary buffer. 





‘Force execution when compiling. 


The Text Interpreter executes or. 
compiles. 

Leave name field address (NFA) of top 
word in CURRENT. 

Place 16-bit literal on the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

‘User variable containing compilation: 
State. 
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FORTH WORDS (CONT'D) 


USER VARIABLES 


OUTPUT FORMATTING 


NUMBER 


<# 


U7 IN ‘User variable for 7IN. 

U?0UT ' User variable for 70UT. 
U?TERMINAL User variable for 7TERMINAL. 
U-CA User variable for -CR 
UABORT. User variable for ABORT. 
UB/BUF User variable for B/BUF. 
UB/SCR User variable for B/SCR. 

UC/L | User variable for C/L. . 
‘UCLOSE User variable for CLOSE. 

UCR User variable for CR. 

UEMIT User variable for EMIT. 
UFIAST User variable for FIRST. 

UKEY User variable for KEY. 

ULIMIT User variable for LIMIT. 

MONITOR & CASSETTE 1/0 

COLD AIM 65/40 FORTH cold start. 
MON Exit to AIM 65/40 Monitor. 
CLOSE ’ Close tape file. 

7IN, Set to active input device (AID). 
2OUT Set to active output-dayice (AOD). 
GET Input a character from the AID. 
PUT. Output a character:to the AOD.. 
READ input n2 characters from AID. to 

. address ni, - 
WRITE Output n2‘characters to AOD at 

4s address hit. 

SOURCE Compile from the AID. 
FINIS Terminate complete from SOURCE. 
INPUT-OUTPUT 

-CA Output CR to printer only. 
CR. Carriage return. 

SPACE Type one space. 

SPACES Type n spaces. 

CLRLINE Output a CTAL B. 

a Print text string (terminated by "). 
DUMP Dump n2 words starting at address. | 
TYPE “Type string of ni characters starting at 

address n2. 
7TERMINAL True if terminal break request present. 
KEY. Read key, put ASCII value on stack. 
EMIT Output ASCII value from stack. 
EXPECT ‘Read ni characters from input to 

, ~ address n2. 

WORD Read one word from input stream, until 

“ delimiter. 

IN User variable. contained within TIB. 

BAUD .. Set BAUD rate. (See Note 1) 

BL Output a SPACE character. 

C/L Number of characters/line. 

TIB Pointer to terminal input buffer start 
address. 

QUERY Input text from terminal. 

ID. Print <name> from name ¥# field 
address (nfa). 

HANG Wait for keystroke. 


Convert string at addregs to double- 
precision number. 
Start output string. 


AIM 65/40 FORTH ROMs 


OUTPUT FORMATTING (CONT'D) 


# 


#S 
SIGN 
#> 
HOLD 


HOL 

- TRAILING 
.LINE 
COUNT 


DPL 


VOCABULARIES 


CONTEXT 
CURRENT 
FORTH 


ASSEMBLER 
DEFINITIONS 


VOCABULARY <name> 


VLIST 


VOC-LINK 


VIRTUAL STORAGE 


LOAD 
BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS 


+BUF 


- BUFFER 


RW 
USE 


PREV 


FIRST 
OFFSET 


--> 
Ss 


Convert next digit of double-precision 
number and add character to output 
string. 

Convert ail significant digits of double- 
precision number to output string. 

Insert sign of n into output string. 

Terminate output string (ready for 
TYPE). , 

Insert ASCII character into output 
string. 

Hold pointer, user. variable. 

Suppress trailing blanks. 

Display line of text fram mass storage. 

Change length of byte string to type 
form. 


‘Print number on top of stack. 


Print number m1 right justified n2 
Places. 

Print doubdle-precision number n2 ne. 

Print double-precision number n2 n1 
right justified n3 places. 

Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT. vocabulary. 

Returns address of pointer to 

’ CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. 

Create mew vocabulary. 

Print names of al! words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage.screen (compile or 
execute), 

Read mass storage block to memory 
address, 

System constant giving mass storage’ 
block size in bytes. 

Number of blocks/editing screen. 

System variable containing current 
block number. 

System variable containing current 
screen number. or. 

Mark tast buffer accessed as updated. 

Write all updated buffers to mass 
storage. . 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User read write linkage. 

Variable containing address of next 
buffer. , 

Variable containing address of latest 
buffer. ; 

Leaves address of first block buffer. 

User variable block offset to mass 
storage. 

Interpret next screen. 

Stop interpretation. 
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FORTH WORDS (CONT'D) 


PRIMITIVES 


OBRANCH 
BRANCH 
ENCLOSE 


Run-time conditional branch. 

Run-time unconditional branch. 

Text scanning primitive used by WORD. 
Location of Return Stack. 

Location of Parameter Stack. 

Initialize Return Stack. 

Initialize Parameter Stack. 

The FORTH virtual machine. 


MATH PACKAGE FORTH WORDS (A65/40-7040)" 


FLOATING POINT ARITHMETIC 


Adds two floating point numbers. 
Subtracts one floating point number 
from another floating point number. 
Multiplies two floating polnt numbers. 
Divides one floating point number by 
another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS 


INT 


POLYNOMIAL 
POLY 


POLYODD 


Takes the absolute value of a floating 
point number. 

Truncates a floating point number to an 
integer. 

Converts the sign of a floating point 
number to a floating point number. 
Gets a value corresponding to the sign 

of a floating point number. . 


.Gompares the value of a compacted 


number in memory to a floating point 
number. 


Evaluates a polynomial with 
consecutive exponents. 

Evaluates a polynomial with odd 
exponents. 


EXPONENTIAL AND LOGARITHMIC 


Takes the square root of a floating point 
number. , 

Raises one floating point number to the 
power of another floating point 
number. 

Raises the transcendental number e to 
the power of a flaating point number. 

Computes the logarithm to the base 10 
(i.8., common tog} of a floating point 
number, Fe os 

Computes the logarithm ‘to the base ¢ 
{i.@., Natural log) of a floating point 
number. > 


“Requires AIM 65/40 FORTH ROMs be resident. 
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SECURITY 

ICSP Store stack position in check stack 
pointer. 

2?COMP Error if not compiling. 

2?CSP Check stack position. 

‘?7ERROR Output error message. 

2EXEC Not executing error. 

?PAIRS Conditional not paired error. 

?STACK Stack out of bounds error. 

ABORT Error; operation terminates. 

ERROR Execute error notification and restart 
system. 

MESSAGE Displays message. 

WARNING Pointer to message routine. 

FENCE -Prevents forgetting below this point. 

WIDTH Controls significant characters of 
<name>. 

USER VARIABLE 

MIN-WIDTH Specifies the minimum field width to be 
output. 

DEC-LENGTH Specifies the number of places to the 
right of the decimal point to be 
output. 


ASCII/FLOATING POINT CONVERSIONS 


FIN Converts a number in memory from 
ASCII to floating point format. 

FOUT Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


M>F Unpacks the compacted number in 
memory to floating point. 
FoM Packs the floating point number to 


compacted format and stores the 
result in memory. 





M>A Unpacks the floating point number in 
memory. 

S>A Converts an integer to floating point 
format. 

S>F Converts an integer to floating point 
format. 

F>S Converts a number from floating point 


to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN Calculates the sine of a floating point 
number (in tadians). ~ 

cos Calculates the cosine of a floating point 
number (in radians). 

TAN Calculates the tangent of a floating 
point number (in radians). 

ARCTAN Calculates the arc tangent of a floating 
point number. 

DEGREES Converts a floating point number from 
radians to degrees. 

RADIANS Converts a floating point number from 


degrees to radians. 


g% 
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FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other inpuVoutput intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 


FORTH actually provides the best of two worlds. .It has the 
looping and branching constructs of high-level languages (DO 
. LOOP, BEGIN ... END, 'F ... THEN and IF ... ELSE 

. THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—a distinct advantage over Jan- 
guages like BASIC, where all information must be in decimal. 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from appli- 
cation programs written in FORTH. The object code is a compiled 
composite of the user’s application vocabulary and those portions 
of the Target Compiler nucleus necessary to support the appili- 
cation vocabulary. The disk-based FORTH Target Compiler 
operates on the AIM 65/40 Microcomputer in conjunction with 
the AIM 65/40 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the AIM 65/40 BDOS 1.0 
Upgrade Kit. 


The compiled object.code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 
to run on AIM 65/40 or RM 65 SBC module-based systems with 
supporting RM 65 memory and input/output modules, e.g., 
Analog Input/Output, IEEE-488 Interface, and Multi-function 
Peripheral Interface. Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and JEEE-488 module, as well as the AIM 65/ 
40 YO and Math -Package, firmware can.also be included for 
expanded application systems. 





FEATURES 


e Fully compatible with FORTH programs developed with AIM 
65 or AIM 65/40 FORTH Interpreter ROMS 
Disk-based compiler operation with vocabulary overlays for 
—Text Editing 
—Disk Interfacing 
—Serial Input/Output 
—Compiling 
—Special Utilities 
e Easy compiler operation 
—Load screen direction 
—Compile tracing (mapping) 
—Compiles to.RAM and/or, disk 
e Includes 6502 Macro Assembler with 
—Forward references 
—Symbolic labels 
—Relative branches 
e Efficient object code generation 
—ROMable object code 
— Standalone operation - 
—Minimum runtime nucleus 
—Optimized FORTH compiled vocabulary 
—User-specified origin _ 
Flexible target computer installation 
—System independent (runs on any 6502 CPU-based system 
with minimal runtime memory map requirements) or 
—AIM 65/40-or RM 65 /O ROM autostart capability 


ORDERING INFORMATION 


Description 


AIM 65/40 FORTH Target Compiler 
AIM 65/40 FORTH Interpreter ROMs*? 
AIM 65/40 BDOS 1.0 Upgrade Kit"? 
AIM 65/40 Math Package ROM'® 


Description 


AIM 65 and AIM 65/40 FORTH Target 
‘ Compiter User s Manual) 
“AIM 65/40 FORTH User's Manual’ 
! AIM 65/40 Math Package User's Manual 


AIM 65/40-7052 
AIM 65/40-7050 
AIM 65/40-7092 
AIM 65/40-7040 


Order No. 


Notes: — 


(1) Required for FORTH Target Compiler operation. 
(2) Requires RM65-5101NE FDC module. 
| (3) Included with A65/40-7052. 
(4) Included with A65/40-7050. 
(5) Included with A65/40-7040. 
(6) Optional 





Document No. 29001D19 


Data Sheet Order No. D119 
Rev. 1, January 1984 
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DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are linked together to form a “dictionary,” which 
is the central core of the language. Writing a program in FORTH 
consists of using the dictionary words to define each new word. 
Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simply defining 
one or more new words. a 


FORTH is a stack-oriented tanguage, and is programmed in 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific calculators. A data stack is an 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. 


FORTH programs are developed using ‘“top-down/bottom-up” 
techniques. That is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 
definitions down inta more and more detailed sub-modules. 
When the lowest levels of sub-modules have been defined, 
FORTH coding begins with those levels, working back up toward 
the top of the program, in pyramid fashion. Each sub-module 
is a stand-alone component of the program, and can be 
debugged without having the complete program in the system. 
The interactive nature of FORTH supports this time efficient 
development technique. 


In most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembler, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 


The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH iInter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 


Required 
Peripherals/ 
Firmware 


RM65-7141E AM 65 Cable Adapter & Buffer 
Module for AIM 65/40 


RM65-7004E AM 65 4-Slot Card Cage 
AM65-5101NE RM 65 Floppy Disk Controller (FDC) 


Module (Without ROM) 
A65/40-7090 AIM 65/40 DOS 1.0 ROM, or 
A65/40-7092 AIM 65/40 BDOS 1.0 Upgrade Kit 
A65-40-7040 AIM 65/40 Math Package ROM 
A65/40-7050 AIM 65/40 FORTH: ROMs 

Floppy Disk Drives (2) 

CAT Monitor 


Notes: X = Required in addition to host microcomputer. 


AIM 65/40-2000 (AIM 65/40 SBC Module with 
32K RAM, Monitor ROMS, Extended 
Keyboard, and VDC Module) 





Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. 


FORTH TARGET COMPILER OPERATION 


The disk-based, two-pass, FORTH Target Compiler compiles 
object code in one of two modes: BIG.COMPILE or QUICK. 
COMPILE. The QUICK.COMPILE mode compiles the entire 
abject code directly to RAM then saves the compiled code on 
disk. The BIG.COMPILE mode compiles to 1K-byte buffer areas 
in RAM. When the buffer is full, the buffer contents are trans- 
ferred to disk then compilation continues. The BIG.COMPILE 
mode optimizes object code RAM requirements although it com- 
piles slower than the QUICK.COMPILE mode. 


Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 


FLOATING POINT OPERATION 


The FORTH Target Compiler provides both single-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within the application program to link to extemal 
floating point subroutines. The AIM 65/40 Math Package ROM, 
located at address $8000-$8FFF can be installed in the appli- 
cation system. Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 


SYSTEM REQUIREMENTS 


The AIM 65/40 FORTH Target Compiler operates in an AIM 
65/40 Microcomputer with 32K bytes RAM in conjunction with 
an RM 65 FDC module with an AIM 65/40 DOS 1.0 or BDOS 
1.0 ROM installed on the FDC module. The following table lists 
two configurations of AIM 65/40 and RM 65 hardware and firm- 
ware which may be used. Other configurations can be easily 
composed depending on the user's development and applica- 


.tion requirements. 


Host. Com puter 


AG5/40-8315 (AIM 65/40 
Microcomputer System 
—Series 8000) 


x 


x 
x 


x x 
Xx x 
optional. optional 
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FORTH WORDS 


GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65/40-7050 FORTH Interpreter ROMs (refer 


to Data Sheet No. D122). 


ABORT" 
ASCII 


COMBINE 


COMPILING 
DISKING 
EDITOR 
-EXTERNAL 


FALSE 
H. 


HI 
IFEND 
IFTRUE 


INTERNAL 


TRUE 
U. 


UNRAVEL 
Y/N? 


“2ROT 


Prints TEXT if a run-time error occurs. 


During compile time, places a CLIT and 
the literal value of CHAR ip. the dictionary. 
In immediate mode, returns the: ASCII 
value on the stack. 


_Combines low byte of | and-high byte of h 


to form n. 


Activates the Compiler Vocabulary Overlay. 


Activates the Disk Vocabulary Overlay. 
Activates the Editor Overlay. *- 


Execution only. NFA of next word to be 
defined. ; 


Returns a false flag. 


Prints n as an unsigned hexadecimal 


‘values: =~ 
‘Returns the high’ byte ‘of n. 


Marks a place. — 

Compiles the following input if f=1, 
otherwise skips. 

Returns the NFA of the latest word 
defined. 

Returns the low byte of n. 


Creates word NAME that loads screen 
no. n. 


Execution only. Places NFA? into: LFA of 


NFA2. 
Stores a 0 in ADOR. 
Stores a 1 in ADDA. 


Rotates the nth number to the top of the 
stack. , 

n= RAM space left. 

Places value n in variable or constant 
NAME. 

Returns low and high ‘byte of n._ 
Performs sequential LOAD's beginning at 
screen no. n and continuing through 
screen no. n. 

Returns a true flag. 

Outputs n as a double-precision number. 


Back traces the return stack. 

Asks the question YES? or NO?, 
depending on f, = 1 or 0. Returns f, as 
true or false depending on input match 
tof. 

Rotates double-precision numbers d,, 
de, dy. 


Retums d3 = d; * d. 


20VER Double-precision OVER. 

2SWAP Doubie-precision SWAP. . 

== Execution only. Creates : a constant NAME 
with value n- ; 

-TEXT. ‘Compares strings at ADDRI. ahd ADDRe 
for n bytes. Returns t=1 if same. . 

2DEF IF NAME is defined, returns f= i, 

?RANGE Returns f=1 if n2<n1 <n3 for signed 
numbers. 

2URANGE Returns f=1 jf u2<u1<u3 for unsigned 
numbers. , 

DISK VOCABULARY OVERLAY 

BACKUP Copies all of drive 0 to drive 1. 

BLOCKS Copies block b1 through b1+n to block b2 
through b2+n; 

COPY Copies block b1 to block b2. 

DOWN Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive 0. 

MASSACRE . Clears n blocks begirining at block b, DRO. . 

SCREENS Copies screens S1 through S1+n to 
screens S2 through S2+n. 

SLATE WRITES blanks ($20) to block b relative to 
DRIVE 0... 

SWEEP READS blocks b pAweugn b+n searching 
for disk errors.” 

UP Beginning at block b, copies n blocks from 
drive 0 to drive 1. 

VERIFY Compares biocks beginning at b1 to those 
beginning at b2 for n blocks and displays 
errors, 

VOLUME Retums the block number of the block 0. of 
drive 2 relative to drive 0. 

2WRONG If b1 = b2, then'sets f=1, else sets 1=0. 
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FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 


BUFFERS 
INSERT-BUF An 80-byte buffer beginning at PAD + 80. 
FIND-BUF An 80-byte buffer beginning at PAD + 160. 


LINE ORIENTED COMMANDS; 


K Swaps the contents of the INSERT-BUF 
and FIND-BUF. 
LINE On current screen, returns the RAM 


address of the. beginning of the line#. 


M Replaces INSERT-BUF and line# in 
block# with current referenced line. 


NEW Beginning at line#, clears each line and - 
allows a NEW line to be typed in. Input is 
terminated by a null line antry (CR CR). 
Clears remaining lines on the current 


screen. 

Pp Copies text into the INSERT-BUF and the 
current tine until the delimiter (CR) is 
encountered. 

TILL Beginning at the current cursor address, 


deletes text unTILL tne end of the 
matching text string is encountered. The 
text is held in FIND-BUF. 


T Moves cursor to beginning of line# in 
current screen. Shows the line. 


U Copies text into the INSERT-BUF and the 
line on the current screen under the cursor. 


x Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the. — 
screen up. The last line becomes a blank, 


>LINE# Returns the current cursor line#. 

(DELETE) Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 

(HOLD) Copies the referenced line number into 


INSERT-BUF and UPDATE. 


(KILL) Blanks line# and UPDATE. 

(PUT) Replaces the current line with contents of 
INSERT-BLF. 

? Prints the current line with the cursor at 


current cursor position and the line number 
at the end of the line. 


tLINE Searches the current line after cursor 
position for a match to contents of FIND- 
BUF. Repositions cursor to it if a match is 
found and sets f=1. !f no match is found, 
sets f=0 and positions the cursor to the 
next line. 


STRING ORIENTED COMMANDS: 


D 


MATCH 


(F) 


#LAG 


#LEAD 


Finds the text, deletes it and shows the 
line, 


Finds the text, positions the cursor at the 
end of the text string and shows the line. 


Inserts the contents of INSERT-BUF into 
line at cursor position. , 


Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match 
is found, sets f=1 and ADDR3=ADDR1 + 
CNT1. If a match is founc, sets f=0 and 
ADDR3=address of the next byte after the 
matching string. 


Locates the text in the buffer (a subpart of 
the F command). 


Returns the address of the character 
following the cursor and then counts to the 
end of the line. 


Returns the address of the character 
preceding the cursor and the count to the 
beginning of the line. 


SCREEN COMMANDS 


B 
L 
N 
TOP 


WIPE 


MISCELLANEOUS COMMANDS 


BUF-MOVE 


E 


Moves to last block. 
Lists current screen, 
Moves to next block. 
Moves cursor to the top line of the text. 


Clears the entire screen. 


Move non-null contents of PAD to ADDR. 





Erases the string in front of the cursor for a 
length equal to the string in FIND-BUFF. 


Replaces string identified by FIND-BUFF 
with TEXT. 


Beginning at current. screen and continuing 
through screen #n, searches for a string 
match to TEXT and displays match 
occurrences. 


CURSOR COMMANDS 


R# 


#LOCATE 


>> 


Returns the cursor position (n). 


Returns byte position of cursor and line 
number. 


Adds n to cursor position and displays the 
line. 





"A65/40-7052 | oF 


FORTH WORDS (Continued) 


TEXT 


USE 


WHERE: 


Takes text from input stream ‘until DLIMiter 
character is encountered (65 characters 


maximum). Moves text to.PAD. and-tills to -.. 
65 characters with blanks ($20). 


Displays CHAR as the cursor. 


Displays: where an error In LOADIng 


occurred. Also shows context and current. 


TARGET COMPILER VOCABULARY 


OVERLAY 


LisTs | 
SYMBOLS 


LOCALS - ee 


MAGICS 


SWITCHES & FLAG WORDS (directives active during compile) 


ON 
OFF 


MAPPING 

GAG 
AUTO.FORWARD 
NUMERIC 


ROMABLE 


CONTROL WORDS 


3 FORWARD 


WIDE 


SET 
WINDOW.LO 
WINDOW.HI 
DESTINATION 
RAM.LO 
RAM.HI 


USER. SIZE 


Defines names in the object code. 


_ Defines ‘words at compile time only. 


Immediate words, . 


Changes switch state to ON. 
Changes switch state to OFF. 


Prints or displays the name and CFA of 
each WORD when created. , 


- Suppresses most non-fatal error 


messages. 


Automatic forward reference for undefined 
words. 


Values must be preceded by a valid 
decimal character to be a valid number. 


Generates read-only code. 


Forces forward reference of the name. 
immediately following. 


Name field length (headerless code). 


‘Changes the value of FORTH user 


constants. 


Defines the Target address space 


_ boundaries. 


Defines the target buffer block number. - 


identities nucleus RAM boundaries. 
Extends from RAM.LO for USER.SIZE 
bytes. of 


Number of bytes reserved beginning at 
RAM.LO. RAM between RAM.LO + 
USER.SIZE and RAM.HI is used for work 
buffers (PAD, etc.) when ROMABLE flag is 
set. 


AIM 65/40 FORTH Target Compiler 


ORIGIN 


FAST.COMPILE 
BIG.COMPILE 


CLEAR.TARGET 


READY 


START 


DEFINING WORDS 


VARIABLE 


BYTES 


RAM 


BCC, BCS, BNE, 
BEQ, BPL, BMI, 
BVC, BVS, 


MAGIC WORDS 
DLITERAL 


ASCII 


DOES> 


;CODE 


LOCATE 


REVEAL 


HIDE 


Compiler's target dictionary. 


Target space will be RAM only, based on 
WINDOW.LO and WiINDOW.HI. 


Target space maybe virtual data space.on 
disk, - : ; 


Fills the target aréa with zeros. aoe 


Initializes Internal varlables to thelr default 
value. 


Begins the compilation. Everything 
following this command will be Interpreted 
or compiled in the simulated target 
machine environment. 


Generates an equate type statement. 


For use in assembly language to provide 
flexibillty and allow code sharing. 


lf ROMABLE is true, VARIABLE becomes 
a USER varlable, otherwise variable Is 
identical to ROM-based FORTH. 


Sets aside bytes in RAM area (like 


‘ALLOT). 


Equivalent to ROM command HERE. 
Returns current RAM address. 


Relative branch opcodes for assembly 
operation. 


Complies a double number in line. 


Compiles CLIT of following ASCII 
character. 


Immediate word to separate <BUILDS 
DOES> into TARGET NUCLEUS and 
Target Compiler. 


Identical to CODE but also sets a pointer 
for LOCATE. 


Informs the compiler where the execution 
time CODE is located. 


Similar to SMUDGE. 


Sets the SMUDGE bit on the last target 


-- word, 
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DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one.or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 
implementéd in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initlated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65/40 Disk Operating System Version 1.0 (DOS 1.0) 
provides disk and file management functions for the AIM 
65/40 Microcomputer in conjunction with an RM 65 Floppy Disk 
Controller (FDC) module. With this configuration, mass storage 
files can be easily manipulated when connected to one to four 
514" or 6” floppy disk drives. DOS 1.0 functions, contained on 
a 4K-byte ROM that’ plugs into the FDC module, are available 
immediately upon computer power turn-on without waiting for 
separate loading of a disk-based DOS into RAM. 


DOS 1.0 functions are operator commandable through. inter- 
active AIM 65/40 Debug Monitor/Text Editor operation as well 
as language (assembler, compiler and/or interpreter) operation. 
‘Text and program source code may be written to, and read from, 
disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65/40 Assembler, 
BASIC, and FORTH languages are therefore supported. In 
‘addition, utility functions format a disk, list the contents of the 
disk directory, delete a file, recover a file and backup a disk upon 
command. The DOS functions may also be called under pro- 
gram control by the application program into order to read and 
write data baat 


Disk read or r write-errors, both at the DOS and FDC hardware 
: level, are reported upon detection. User-alterable variables allow 
changing of default values to application unique values. 


Disks formatted by AIM 65/40 DOS 1.0 are compatible with AIM 
65 DOS 1.0 and AIM 65/40 BDOS 1.0, Files written by any of 
‘these DOS programs may therefore be read by either 
microcomputer. , 


A65/40-7090. 
AIM 65/40 Microcomputer Family 





A65/40-7090 7 
AIM 65/40 DISK OPERATING SYSTEM | 
VERSION 1.0 (DOS 1.0) ROM 


FEATURES 


AIM 65/40 Microcomputer compatible 

ROM resident for immediate operation 

installs on-board RM 65 Floppy Disk Controller (FDC) module 
Provides mass storage of programs and data _ 


Compatible, with AIM 65 high level language and Assembler 
ROMs 


e Disk oriented commands (format, list, backup) 
e File oriented commands (list, delete, recover) 
e Input/Output commands 
— Read and write text and object code 
—Automatic file open and close 
e User-alterabie variables 


— Utility function and error handling vectors (before and after 
DOS functions) 


—Error handling vectors (before and after DOS functions) 
—Input/output: vectors 
e Extensive error detection and reporting 


MEMORY MAP 
Ce 


$8F00-S8FFF AM 65 FDC Module I/O: 


















$68000-$8EFF DOS 1.0 Program 
$3E00-$3FFF DOS 1.0 /O Buffer (default location) 
.$500-$563 - DOS 1.0 Variables 
$4A0-S4FA DOS 1.0 Variables 





$D7-SDE DOS 1.0 Variables 


ORDERING INFORMATION 


A65/40-7090 
RM65-5101NE . 


AIM 65/40 DOS 1.0 ROM © 
-RM'65 FDC Module (without ROM 
- containing primitive subroutines’) 


[orserne.—[———nserton 


me RM 65 FDC Module User's Manual"? 


NOTES: 

1. Describes user's instructions for AIM 65/40 DOS 1.0. 
Included with A65/40-7090 and RM65-5101NE. 

2. The DOS 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 
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A65/40-7092 
AIM 65/40 Microcomputer Family 


A65/40-7092 : 2 
AIM 65/40 BOOTSTRAP DISK OPERATING» 


SYSTEM VERSION: 1.0 UPGRADE KIT 





‘DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 


‘implemented in software, allows program and data files to be. 


opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1.0) provides disk and file management functions for the 
AIM 65/40 Microcomputer in conjunction with an RM 65 Floppy 
Disk Controller (FDC) module. With this configuration, mass 
storage files can be easily manipulated when connected to one 
to four 5%” or &” floppy disk drives. BDOS 1.0 functions,.con- 
tained on a 4K-byte ROM that plugs into the FDC module, are 
available immediately upon computer power turn-on without 
waiting for separate loading of a disk-based DOS into RAM. 


The AIM 65/40 BDOS 1.0 provides a bootstrap and autostart 
capability in addition to the same functions as AIM 65/40 DOS 
1.0 (A65/40-7090). It is also located higher in memory than AIM 
65/40 DOS 1.0 to allocate RAM.at $8XXX to disk-resident 
system or application software. If neither AIM 65/40 Debug 
Monitor nor BASIC Interpreter ROMs are installed, a bootstrap 
function can be read from. the disk and executed to load and 
autostart an application program. The BASIC or Debug Monitor 
command level will be entered if the AIM 65/40 BASIC or Debug 
Monitor ROMs are installed (BASIC overrides the Debug Mon- 
itor) unless overridden by an application autostart via the AIM 
65/40 VO ROM. AIM 65 BDOS 1.0 does not contain DMA rou- 
tines, however, indirect vectors are provided for user addition. 


Disks formatted by AIM 65/40 BDOS 1.0 are compatible with 
AIM 65 DOS 1.0 and AIM 65/40 DOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 


The upgrade kit includes: 


For installation on AM 65 FDC Module 
AIM 65/40 BDOS 1.0 ROM 
FDC Module addressing PLA (495R23-003) 


For installation on the AIM65/40 SBC Module 
AIM 65/40 I/O ROM V1.1 (R32T3-14) 
AIM 65/40 Monitor/Editor ROMs V1.1 
(R32U5-13 and R32U6-13) 


FEATURES 


e AIM 65/40 Microcomputer compatible 

e ROM resident for immediate operation 

e Installs on-bdard RM 65 Floppy Disk Controller (FDC) module 
e Provides mass storage of programs and data 

e 


Compatible with AIM 65 high level language and Assembler 
* ROMs 


Disk oriented commands (format, list, backup) 
e File oriented commands (list, delete, recover) 
Input/Output commands 

— Read and write text and object code: 
—Automatic file open. and close 

e User-alterable variables 


—Utility function and error handling vectors (before ‘and after 
DOS functions) 


—Input/output vectors 
—V/O buffer vectors 
e Extensive error detection and reporting 


MEMORY MAP 


Address (Hex) 


$E000-$EFFF 
’ TOP OF RAM 


Contents 


DOS 1.0 Program 
“| DOS 1.0 /O Buffer 
$500-$563 DOS 1.0 Variables 
$4A0-$4FA DOS 1.0 Variables 
$D7-$DE DOS 1.0 Variables 





ORDERING INFORMATION 


Part No. Description 


A65/40-7092 AIM 65/40 BDOS 1.0 Upgrade Kit 
RM65-5101NE | AM 65 FOC Madule (without ROM penal 
Primitive eubromne 


AIM 65/40 BDOS, 1.0 User's Manual® , 
AIM 65 Monitor/Editor Program Listing 
AIM 65/40 System User’s Manual ‘ 
AIM 65/40 I/O ROM Program Listing 


























Order No. 


2152 
288 





Notes: 

1. BDOS 1.0 ROM ‘in upgrade kit includes primitive subroutines 
in addition to DOS functions, 

L 2. Included with A65/40-7092 ~ 
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RM 65 MICROCOMPUTER MODULE FAMILY 
Standard Boards Cut Design Costs, Offer Flexibility 


RM 65 microcomputer modules offer a simple solution to 
designing hard working blue collar microcomputer systems. 
You start with an R6502 based single board Eurocard-sized 
computer. Then you add functions, exactly. as required, with 
additional Eurocards. Program your system in either FORTH 
or BASIC, control: essentially any peripherals the system 
may need. There’s no more optimum way to quickly and 
economically put together prototype and small to medium 
run systems. 

The RM 65 family includes a single board computer, 
memory, general purpose |/O, intelligent peripheral 
controllers and accessory modules. Silicon software 
supports the family with BASIC, FORTH and peripheral 
drivers. Plus, the family includes card cages, buffers, 
adapters, cabling, extender module, everything needed 
for complete system implementation. 


The RM 65 microcomputer modules are all Eurocard 
sized, 100 mm x 160 mm. Memory modules include 8K 
static RAM, 32K dynamic RAM, 16K PROM/ROM and a 
PROM programmer. ROMs include I/O, BASIC and FORTH. 
There is an IEEE-488 module, general purpose I/O and 
timer module, ACIA module, and a multifunction Penpheral 


controller module. 


An analog input/output module allows an RM 65 system 
to interface with thermocouples, strain gages, pressure 
sensors and similar analog devices. Floppy disk and CRT 
controller modules allow RM 65 systems to drive displays 


‘and removable memory. A direct memory access controller 


allows RM 65 systems to have high data transfer rates 
when needed. 

Since the RM 65 blue collar family is designed around the 
R6500 family, systems can be readily redesigned into 
R6500 devices as volume or application warrant.:RAM 65 lets 


you design custom systems with standard boards, 3 buying 


only what you need; when you need it. 
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RM 65 MICROCOMPUTER MODULES 


‘The RM65-1000E Single Board Computer Module is one of the 
‘hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Modules are designed for OEM and end 
user microcomputer applications requiring state-of-the-art par- 
formance, compact size, modular. design and low cost. Software 
for RM 65 systems can be developed in R6500 Assembly Lan- 
guage, PL/65, BASIC and FORTH. Both BASIC and FORTH are 
available in ROM and can be incorporated into the user's system. 


RM 65 Microcomputer Modules use a motherboard interconnect 
concept and accept any. card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to: 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages. provides packaging flexibility. 
RM 65 products. may also be used with Rockwell AIM 65 and 


AIM 65/40. Microcomputers for product development and for a 


broad variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 

The AM65-1000E Single Board Computer (SBC) Module aliows 
users to design their products into compact modular stacks. The 
SBC module plugs into a single slot in an RM 65 card cage/ 
‘motherboard and controls other memory and I/O modules. The 
heart of the SBC module is an R6S02 CPU, which is capable 
of addressing 65K bytes of memory. In addition, the SBC module 
contains bank address logic which allows addressing of.one-or 
two 65K byte memory banks. Sockets on the module accept up 
to 16K bytes of PROM/ROM. 2K bytes of static RAM are also 
provided. 


An R6522 Versatile Interface Adapter (VIA) provides two 8-bit 
parallei /O data lines, two 2-bit control lines, two counter-timers 
and an 8-bit shift register. On-board switches assign memory 
‘sactions to 4K byte blocks. All address, data-and control lines 
are buffered. . : 


ORDERING INFORMATION 














Single Board Computer (SBC) Module User's 


Manual (included with RM65-1000E) 










RM65-1000E | Single Board Computer (SBC) Module. i 


-s RM65-1000E — 
RM65 SINGLE BOARD COMPUTER 


RM65-1000E 
_- RM 65 Microcomputer Family 


(SBC) MODULE 


FEATURES 

Compact size—about 4”. x 6%”.(100 mm x 160 mm) 

Pin and ‘socket bus connection 

On-board R6502 CPU 

2K of 2114 static RAM 

Two sockets for up to 16K PROM/ROM 

Supports the following. PROM/ROM or equivalents. 

——TI TMS 2516, TMS 2532 and Motorola MCM 68764 PROMs 
~ —Rockwell R2316, A2332, or R2364 ROMs 
« R6522 Versatile Interface Adapter (VIA) and \/O Interface 
e Fully Buffered Address, Data, and Control lines for RM 65- 

Bus : ae 

‘Separate switches allow RAM, PROM/ROM, and. VIA to be 
individually dedicated to one or two 65K byte memory banks 
Jumpers allow selection of the following 

—2K, 4K or BK PROM/ROMs _ ; 
-—RAM, PROM/ROM and I/O starting address to 4K byte 

boundary , a 

-—On-board or External bank addressing ‘source 

— Programmable DMA Terminate 

—On-board or external clock source 
e +5V operation 
e Fully assembled, tested ‘and warranted 





RIM65-1000E Single Board Computer (SBC) Module 
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RM65-1000E 
FUNCTIONAL DESCRIPTION 


‘The Clock Circuit uses a crystal-controlled oscillator to provide 


a stable 1-MHz clock reference. A jumper selects between the - 


internal clock reference or an external clock (to 1 MHz) as the 
source for the R6502 and the derived: ‘system clock. 


The Reset Control circuit conditions the Reset signal to drive 
the R6502 Reset line. A reset can be generated by either the 
on-board reset pushbutton or an external switch. This circuitry 
also generates a reset automatically, upon power-up. 


The R6502 Central Processing Unit (CPU) is the heart of the 
SBC Module and any interfacing Modules connected to the RM 


65 Bus. The A6502 controls all program execution by means 


of the address, data, control, and timing lines. All internal R6502 
operations are synchronized to the clock source. 


The Bank Select Control circuit detects when the SBC Module’s 
assigned memory bank is addressed, by comparing the Bank 
Address signal to the Bank Select Enable and Bank Select 
switches. The Bank Select Enable Switches allow all on-board 
PROM/ROM, RAM, & VIA to be independently assigned common 
to both Bank 0 (lower 65K) and Bank 1 (upper 65K) or dedicated 
to either Bank O or.Bank 1, depending on the Bank Select 
switches. A jumper allows the Bank Address signal to be driven 
by the on-board A6522 VIA or from another module. 


The Base Address Decoder uses the six most-significant address 
bits and the Base Address Jumpers to generate chip selects for 
the on-board PROM/ROM, RAM, and VIA. The RAM.and VIA 
can be independently mapped into any 4K block of the selected 
65K bank. The PROM/ROMs may be mapped into any 4K or 
8K block of the selected bank: 


The 16K PROM/ROM section has two sockets which can accept 
2K, 4K or 8K PROM/ROM devices. The size and type of PROM 


1 CONNECTOR 





“BARK I. 
secect “f. 
ENABLE 
SWITCHES | 





| noo nesé [fee] 


DECODER 


BASE 

AODRESS 

SELECTION 
RESET CONNECTOR 


JUMPEA 








Single Board Computer (SBC) Module 


or ROM is specified by the Base Mcgee selection jumpers and 


_the PROM/ROM type jumpers. 


The 2K RAM section uses four 1K x 4 RAM devices to provide 
on-board read/write memory. 


The R6522 Versatile Interface Adapter (VIA) provides input- 
output capability to the SBC Module. The VIA provides two 8- 
bit /O ports each with two.control lines. Both ports and control 
lines are brought out toa connector for user applications. 


The SBC Module can control up to 15 additional support:mod- 
ules by means of the RM 65 Bus. There are three groups of 
signals on the RM 65 Bus: data, address, and control. 


The Data Transceivers invert and transfer eight bits of parallel 
data between the SBC Module andthe RM 65 bus. The direction 
of the transceivers is controlled by the read/write signal from the 
Ri6502. The transceivers are disabled when the on-board PROM/ 
ROM, RAM, or VIA is addressed or when the Bus Float signal 
from the FM 65 Bus is active, 


The Address Buffers invert and transfer 16 parallal address bits 
from the 'SBC Module” fos ne RM 65 bus: ' 


The Control Butters buffer all contro! and clock signals between 
the SBC Module’ and the RM 65 bus. The Non-Maskable Inter- 
rupt, Iriterrupt Request, Set Overflow, External Clock (90), Ready 
and Bus Float input lines are buffered coming from the RM 65 
bus into the SBC Module. The DMA Terminate, Reset and 
Phase 1 Clock ($1) output lines are always driven from the SBC 
Module onto the RM 65 Bus. The other six output lines for Read/ 
Write, Phase 2 Clock, sync, and Bank Address are also buff- 
ered, but are tri-stated (disabled) when the Bus Float signal is 
active. 


PROM AOM 
SIZE 
JUMPERS 


RMES 
BUS CONNECTOR 


BUS FLOAT 


OMA TERMINATE 


BUFFERS geeks 


CONTAOL 
} CONTROL 


% BANK ADDRESS 
ADDRESS 
F 
SUFFERS: ADDRESS 
DATA | 
TRANSCEIVERS 
® 
rMes 


EXTEANAL 
CLOCK 


RM 65 SBC Module Block Diagram 








‘RM65-1000E 





‘Bottom (Solder Side) 





"Mnemonic Signal Name _ 
Ground : 1c - +5V 
Buffered Bank tates | 2c ’ BA15/ 
_ Ground 3c BA14/ 
Buffered Address Bit 13 _ -6e | BAT2/ 
Buffered Address Bit 1.1 5c | GND 
Buffered. Address Bit 10 6c ~ BAS/ 
Butfered Address Bit 8 Te .| BA7/ 
Ground oo Be BA6/ 
Buffered Address Bit 5: i] > -9e BAY. - 
Buffered Address Bit 3 Tt. 1060 ‘GNO 
‘Buffered Address Bit 2 . T" 41e° | BAY 
Buffered Address Bit 0 |}. -12c ..) BeT 
* Ground '  43¢e © BSYNC 
Buffered: Set Overflow —  44e BDRQ1/ 
| Buffered Ready 15¢ GND 
- *User Spare 1 160. —12V/-V 
+12V/+V *+12 Vde/+V 17c 
GND Ground line 18¢ BFLT/. 
BDMT/ _ Buffered DMA Terminate "  19¢ B¢0 
. “User Spare 3 20¢ GND 
~ BR/W/ Buffered Read/Write “Not” 21c. BDRQ2/ 
*System Spare a -22c BRIW 
GND -| Ground : ‘23c )~=—0OoY. BACT! 
_ BIRG/ Buffered Interrupt Request 24c =| BNMI/ 

- Bg2y Buffered Phase 2 “Not” Clock 25c GND | 
‘Bp2 Buffered Phase 2 Clock’ 26¢ «=| ~BRES/ 
BD7/ Buffered Data Bit. 7 27c BDG/ 
GND _ Ground 28c ~ BDS5/ 
BD4/ ' Buffered Data Bit 4 29¢ BD3/ 
.BD2/ Butfered Data Bit 2 30¢ | GND 
BD1/ | Buffered Data Bit 1 | 31c =|. BDO/ 
+5V_ +5 Vde 


-Note: 
-"Not used on this module. 


6.8 IN. 
(172 MM) 


AM 65 Bus Pin Assignments 


32¢ GND 


MATING 
MOTHERBOARD 
AND RECEPTACLE . 


LENGTH | . 
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Tegel Lee EUROCONNECTOR 


RM 65 SBC Module Dimensional Outline 


EXTENSION 
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~ Single Board Computer ($80) Modile 


COMPONENT AREA 








Top (Component Side) 


Signal Name 





+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12° 
Ground egy 
Buffered Address Bit 9 
Bufferéd. Address. Bit 7 
Buffered Address Bit 6 - . 
Buffered Address Bit 4. 
_Ground 
Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 
“Buffered DMA Request: q 
Ground 
*—12 Vde/—-V 
*User Spare 2 
Buffered Bus Float. ; 
- Buffered External Phase, 0 Clock 
Ground 
‘Buffered DMA Request 2 


’ Buffered Read/Write 


“Buffered Bus Active 

Buffered Non-Maskable Interrupt 
Ground — 

Buffered Reset 

Buffered Data Bit 6 

Buffered Data Bit 5. 

Buffered Data Bit.3 

Ground 

Buffered Data Bit 0 
Ground” 


EUROCARD CONNECTOR 





-—— Tea) ee 





RMG5-1000E == =SSSSSSS«SSingle Board Computer (SBC) Module 





SPECIFICATIONS 


Dimensions (Sea. Notes) : 

Width 3.9 in. (100 mm) 

Length 6.3 in. (160 mm), 

Height 0.56 in. (14 mm) 

5.6 oz. (160 g) 

Environment. . 

Operating Temperature . - arc to 70°C 

Storage Temperature — - 40°C to. + 85°C 

Relative Humidity 0% 1 tO 85% (without condensation) 
Electrical 

Power Requirements 26 Vde 5%, 0.75 A(3.5 W)—Typical . 

ma 1.2 A (6.0 W)—Maximum. 


interface . e iz = 
RM 65 Bus Interface 64-pin plug (0.100 icteric) per DIN 41612 (Row-8 not installed) 


vO Connector ne 40-pin.3M mass termination (0.100 in. centers) 


RESET esters : 2 vortcalpins (0:3 in. high) on 0.200 in. canter 


Notes: } 

1. Height Includes. the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.),. and pin extension through the bottom of the module (0.1 in.). 

2. Length does not incluge- extensions beyond the edge of the module due’ to connectors or the module ejector. 

3, Dimensions conform. to. DIN 41612, 
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INPUT/OUTPUT FUNCTIONS 


The input/output (I/O) functions in a microcomputer performs 
interface processing between an application program and 
peripheral devices, o.g.. display, printer and keyboard. These. 
functions are usually implemented as closed subroutines that 
may be called by the application program or as part of an 
operating system that operates on passed parameters. The I/O 
functions normally issue operating commands to the periph- 
erals, monitor status from the peripherals and transfer data to 
and from the peripherals, Data formatting and message protocol 
stripping is also usually performed. In additlon, general purpose 
utility functions supporting I/O operations are often provided. 


PRODUCT OVERVIEW 


The AM 65 VO ROM contains initialization, interrupt and /O 
processing functions to interface AIM 65/40 peripherals to an 
RM 65 Single Board Computer (SBC) based microcomputer 
system. The processing and entry points, in most cases, are 
identical to the AIM 65/40 YO ROM, to enable an application 
program developed on the AIM 65/40 Microcomputer to be 
easily transferred to the RM 65 environment for final validation 
and production operation. Source code entry, editing, compila- 
tion and/or assembly, and debugging can be performed on the 
AIM 65/40 Microcomputer with its extensive development aids 
using the AIM 65/40 Debug Monitor/Text Editor and the desired 
language. The AIM 65/40 peripherals connected to the AIM 65/ 


40 SBC module can support development as well as application . 


checkout in this configuration. 


In a minimum RM 65 module installation consisting of only the 
RM 65 SBC module. (RM65-1000E), the 4K-byte RM 65 I/O 
ROM in one SBC module socket supports an application pro-- 
gram in the other SBC module socket for user-defined I/O over 
the SBC module parallell/O port. The addition of one RM 65 
Multifunction Peripheral Interface (MPI) module (RM65-5223E) 
allows interface to an AIM 65/40 Keyboard and either the AIM 
65/40 40-Character Display or AIM 65/40 Video Display Con- 
troller in one configuration; or the AIM 65/40 Graphics Printer 
and a user-defined interface in the other configuration. Instal- 
_lation of two RM 65 MPI modules supports both configurations. 


MEMORY MAP 
















SFFFA-$FFFF NMI, RES and IRQ Vectors 
$FO00-SFFF9 VO ROM Program 

$1000-$1 FFF System I/O 

$200-$49F VO ROM Vectors, Constants and Variable 


$FO-SFF (O ROM Variables 


RM65-0110 
RM 65 Microcomputer Family 


RM65-0110 


RM 65 INPUT/OUTPUT (I/O) ROM 


FEATURES 


RM 65 SBC module compatible 
AIM’65/40 /O ROM interface compatible 
ROM resident for immediate operation _ 
Supports AIM 65/40 Peripherals 
—40-Character Display (A65/40-0400) 
— Video Display Controller Module (A65/40-0800) 
— Graphics Printers (A65/40-0600) 
— Standard Keyboard (A65/40-0200) 
—Expanded Keyboard (A65/40-0210) 
interrupt Handlers 
—Interrupt Request (IRQ) with before and after user linkage 
—Non-Maskable Interrupt (NMI) with before and after user 
‘linkage , 
— Reset (RES) 
— Break instruction linkage 
e Initialization Functions 
—Cold and warm start variable initialization 
— Autostart linkage to application programs 
e Provide input/output handlers for 
— Keyboard (system terminal) input. 
—Display/printer (system terminal) output 
—Memory input/output 
—Floppy disk (RM65-5101E) 
—Printer output - 
—interactive user-defined input/output 
—Non-interactive user-defined input/output 
—Null output. 
-User-alterable variables 
— Input/output vectors 
— Interrupt vectors 


ORDERING INFORMATION | 
| PartNo, | 
| OrderNo. | Description = 
| 621. | RM.65 VO ROM User's Manual. 


- Note: 
‘Included with RM65-0110. 









Description 
RM:65 /O ROM 
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BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartrnouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex..and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating point 
arithmetic handles a wide range of numeric values 
(2.93873588E — 39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of tanscendental func- 
tions support trigonometric, exponential, square, square. root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


RM 65 Run-Time BASIC, consisting of input formatter, lister, 
interpreter, floating point functions and input/output linkage, is 
contained in an 8K-byte ROM that plugs into an RM65-1000 
Single Board Computer (SBC) or RM65-3216 PROM/ROM 
module for development or run-time operation in the RM 65 
environment. This run-time package allows an application pro- 
gram written in BASIC to be developed on an AIM 65°Micro- 
computer using its on-board peripherals (keyboard, single line 
display and printer) and ROM resident Debug Monitor and Text 
Editor and then transferred to the RM 65 module for run-time 
operation. - 


All input/output functions for use with RM 65 Run-Time BASIC 
are user-provided and link to the application program through 
one or more of the 10 YO vectors provided in the run-time ROM. 
BASIC words such as LOAD, SAVE, PRINT, INPUT, READ and 
GET link through these vectors to the I/O functions. 


The RM 65 Run-Time BASIC can be used in the development 
mode by user-provided AIM 65 equivalent input/output func- 
tions. In fact, the RM 65 Run-Time BASIC ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
AIM 65 Microcomputer, the '/O. vectors Idaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before 
transferring the application program object code to PROM/ROM.” 


Document No. RMA65N30 


RM65-0122 
RM 65 Microcomputer Family 


RM 65-0122 | - 
RM 65 RUN-TIME BASIC INTERPRETER ROM 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 
—Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square; square root 
—Natural logarithm 

String variables and arrays 

Integer variables . 

Subroutine calls 

Conditional expressions 

.User function 


eeoe080844e 


INTERPRETER FEATURES 

e RM 65 Single Board Computer (SBC) module host and/or 
target 

e ROM resident-for immediate operation 


e Compatible with indirect statements entered on AIM 65 
Microcomputer with AIM 65 BASIC - 


e VO vectors link to user-provided peripheral drivers 


ORDERING INFORMATION 
RM65-0122 RM 65 Run-time BASIC ROM 
A65-020 . AIM 65 BASIC ROMs ; 


810 AM 65 Run-time BASIC User's Manual"” 
221 AIM 65 BASIC User's Manual‘ 


Notes: 
| 1. Included with AM65-0122. 
2. Included with A65-020. 











Data Sheet Order No. RM3 
March 1983 








| RM65-01 22 _Fur-Time BASE Interpreter ROM 











MEMORY MAP . PROM PROGRAMMING eee 
a ; The application program object ‘code can be erapannind : 
- Soren: - 4° into a PROM for operation in.an’ OEM or end-user: environ: 
SBO00-SCFFF BASIC Program ment using an AIM 65 PROM Programmer & CO-ED module’ 
capt Ese ll ar a (A65-901) or an RM 65 PROM. Programmer module (RM65- 
mele eer! Baste Valiabies 2901) connected to the AIM 65 Microcom wuter. a 
$200-$217 BASIC VO Vectors P 
BASIC Variables 
STATEMENTS 
Program Statements Commands. , String Functions. 
DEF FN CLEAR ASC 
DIM ’ CONT -. CHRS 
END FRE LEFT$ 
FOR. LIST LEN - 
GOSUB LOAD MIDS - 
GOTO NEW RIGHTS 
F,..GOTO PEEK STR$ 
IF... THEN POKE VAL 
LET RUN , 
NEXT SAVE Arithmetic Functions 
ON... GOSUB ; Abe 
ON... GOTO: Input/Output“ ATN 
REM ATN 
RESTORE paieas ae 
RETURN GET EX 
STOP INPUT INT 
USR READ LOG 
WAIT PRINT RND 
SPC SIN 
TAB ‘SGN 
POS SOR 
TAN 





“input/output functions link through /O vectors to user-defined functions. 
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RM65-0152_ 
RM 65. Microcomputer Family 


RM65-0152 


RM 65 RUN-TIME FORTH ROM 





FORTH LANGUAGE 


FORTH is a unique programming language well suited to-a® 


variety of applications. Because it was originally developed for 
real-time control applications, FORTH is. ideal for machine and 
process control, energy midfiagement, data acquisition, auto- 


matic testing, robotics and other applications where assembly. 


language was previously the only possible language choice. 


FORTH actually provides’ the best of two worlds. It has the 


epg and branching consfr.icts of high- -level languages (DO 


. LOOP; BEGIN... END, IF .... THEN and IF... ELSE 
. THEN) and the code efficiency of machine and assembly 


languagés.. And programmers. will be. pleased. to know that. 
FORTH allows you to specify addresses, ‘operands and data in. 


hexadecimal, octal, binary or ‘any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built-in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at-almost any point in your program, without separate 
assembly and load steps or awkward machine level. linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


RM 65 SBC module compatible 
ROM resident for immediate operation 
Apptication oriented 
Extensible language 
Over 200 pre-defined functions 
. Interactive compilation 
Reverse polish notation 
Compact memory usage" 
Fast execution 
Easy debugging _ 
Stack implementation 
_ 16-bit words . 
Built-in structured macro assembler 
Shortens software development time 
AIM 65 FORTH compatible 


PRODUCT OVERVIEW | 


* RM. 65, lun-Time FORTH, consisting ‘of primitives, interpreter, 
-.macro assembler and input/output linkage, is contained in an 


8K-byte ROM that plugs into an RM65-1000E Single Board 


Computer (SBC) or RM65-3216E PROM/ROM. module for —: 
‘development or run-time operation in the RM 65 environment. 


This run-time package allows an application program written in ;- 
FORTH to be developed on an AIM 65 Microcomputer with its 


on-board peripherals. (keyboard, single line display and printer) * 


and ROM-resident Debug Monitor and Text Editor and then 
transferred to the RM 65 module for run-time. operation. The’ 


application program object code can..be programmed into a: 
-.. PROM using an A65-901 AIM 65 PROM'Programmer & CO-ED 
. module or an RM65- -2901E PROM Programmer module. 


All input/output functions for use with RM 65 Run:Time FORTH. 


are user-provided and link to the application program through 
one or more of the 11 /O vectors provided in the run-time ROM. 
FORTH words such as KEY, EXPECT, EMIT, GET, READ, and 
2IN Sink through these vectors to the I/O functions. 


The RM 65 Run-Time FORTH can be used in the development 
mode by user-provided AIM 65. equivalent input/output func- 
tions. In fact, the RM 65 Run-Time FORTH ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
AIM 65 Microcomputer, the I/O vectors loaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before - 
transferring the application program object code to PROM/ROM: 


ORDERING INFORMATION 


RM65-0152 RM 65 Run-Time FORTH ROM 


A65-050 AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 


F oraerno_| 





Description 


RM 65 Run-Time FORTH User's Manual"? 
AIM 65 FORTH User's Manual”? 
AIM 65 Math Package User's Manual®? 


Notes: 
1. Included with RM65-0152 

- 2. Included with A65-050. 
3: Included with A65-040. 
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DEVELOPING FORTH PROGRAMS FORTH WORDS 
FORTH is built on subroutine-like functions, called “words.” : 
These words are linked together to form a “dictionary,” which SOC MAREE TON a 
-is the central core of the lariguage. Writing a program in DUP Duplicate top of stack. 
_FORTH. consists of using several predefined words to define 2DUP Duplicate top two stack items. 
” each new word. Once the new word has been added to the DROP Delete top of stack. — 
; DSP es ; 2DROP Delete top two stack items. 
“system dictionary, it becomes as much a part of the language SWAP Bxchan : 
p ; ‘ 1 ge top two stack items. 
as any other word that has.been previously defined. In this OVER “Copy second item to top. 
way new features and extensions can be added by simply ROT ‘Rotate third item on top. 
defining one or more new words. Adding new features to - DUP Duplicate only if non-zero 
‘conventional languages like BASIC or Pascal requires the >R Move top item to return stack. 
language system to be completely reassembled or R> Retrieve item.from return stack. 
recompiled. | R Copy top of return stack onto stack. 
PICK _ Copy the nth item to top. 
FORTH. is a stack-oriented,language, and is programmed in SP@ Return address of stack position 
Reverse Polish Notation (RPM), the notation that is used in cea Return address of return stack pointer. 
Hewlett-Packard scientific calculators. Using a data stack is BOUNDS ee ie Aor eng 
an extremely efficient way of passing variables back and Ss Print ae Oe? 


forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 


on programs are developed using “top-down/bottom- 

p” techniques. That is, the programmer begins by defining 
fe Program in very general terms, then systematically breaks 
these definitions’ down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 


Each sub-module is a stand-alone: component of the pro- CODE Used to create a new defining word, 
gram, and can be completely debugged without having ine __ with execution-time “code routine” for 
complete program in the system. ’ this data type in assembly. 
<BUILDS...DOES> _—_ Used to create a new defining word,. 
with execution-tine routine for this’ 
data type in higher-level FORTH. 
FLOATING POINT FUNCTIONS rn Cera ey 
The RM 65 Run-Time FORTH ROM contains both a single- MEMORY 
(16-bit) and double- (32-bit). precision integer arithmetic 7 f eee 
capability. In RM 68: applications where floating point arith- @ Cee caveat byfopiot'satack: 
metic is desired, the AIM 65 Math Package ROM may be - ZIONS IN at secress e 
. Nee ree ¢ ; : @ Fetch one byte only. 
used in conjunction with the run-time FORTH ROM. The C! Store one byte only. 
application program can be: developed on an AIM 65 Micro- > Print contents of address. 
computer with’ ‘both AIM 65 FORTH and AIM 65 Math Package +! Add second. number on stack to 
ROMs instalied. A math package ROM must then be installed contents of address on top. 
in the AM 65 SBC or PROM/ROM module for run-time CMOVE Move n3 bytes starting at address n1 to 
operation of the application program along with the RM 65 area starting at address n2. 
Run-Time FORTH ROM. FILL Put byte n3 into n2 bytes starting at. 
address n1. ; 
ERASE Fill n2 bytes in. memory with zeroes, 
beginning at address n1. 
BLANKS Fill n2 bytes in memory with blanks,., 
beginning at address n1. 
MEMORY MAP TOGGLE 





DEFINING WORDS 


‘<name> 


VARIABLE <name> 


CONSTANT <name> 


CODE <name> 


Begin colon definition of <name>. 

End colon definition. 

Create a variable <name> wit initial 
value n; returns address when 
executed. 


Create a constant <name> with value 


n; returns value when executed. 
Begin definition of assembly-language 
primitive operation <name>. 


Mask memory with bit pattern. 


_ Address (Hex) NUMERIC REPRESENTATION 

$D000-$DFFF Math Package Program DECIMAL Set decimal base. 
$8000-$CFFF FORTH Program HEX Set hexadecimal base. 
$300-$31E VO Vectors BASE Set number base. 
$280-$2FF Terminal Input Buffer DIGIT Convert ASCII to binary. 
$25C-$27F Math Package Variables 0 The number zero. 

‘| $200-$257 FORTH User Variables 1 The number one. 
$AB-$C4 Math Package Variables 2 The number two. 
$10-S$AA FORTH Variables 3 The number three. 
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FORTH WORDS (CONT'D). 
ARITHMETIC AND LOGICAL 


+ 
D+ 


Add. 

Add double-precision numbers. 
Subtract.(n1 — n2) 

Multiply. — 

Divide (nt/n2). 

Modulo (i.e., remainder from division). 


Divide, giving remainder and quotient. 


Multiply, then divide (n1-n2/n3), with 
double intermediate. 

Like -/MOD, but give quotient only. 

Unsigned multiply teaving double 
product. 


_~ Unsigned divide. 
~ Signed muttiptication leaving double 


product. 
Signed remainder and quotient from 
double dividend. 


Unsigned divide leaving double quotient 


and remainder from double dividend 
and single divisor. 

Maximum. 

Minimum. 


. Set sign. 


Set sign of double-precision number. 


_ Absolute value. 


Absolute value of double-precision 
number. — 

Change sign. 

Change. sign of double-precision 
number. | 

Sign extend to double-precision 
number, 

Incrament value on top of stack by 1. 

Increment value on top of stack by 2. 

Decrement value on top of stack by 1. 

Decrement value on top of stack by 2. 

Logical AND (bitwise). 

Logical OR (bitwise) 

Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


‘True if n1 less than n2. 


True if n1 greater than n2. 

True if top two numbers are equal. 
True If top number negative. 

True if top number-zero. 


‘ True if ut- less than u2. 


Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comment (terminate by right 
’ parentheses on same line). 

Alter PFA to CFA. 

Atter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. ‘ 

Clear return stack and return to 

terminal. 


CONTROL STRUCTURES 

DO...LOOP Set up loop, given index range. 

DO... +LOOP Like DO... LOOP; but adds stack 
value to index. 

I Place current index value on stack, 

LEAVE Terminate loop at next LOOP or. 


BEGIN ... UNTIL 


BEGIN ... WHILE 
_.. REPEAT. 
BEGIN ... AGAIN 

IF... THEN © 


_ ELSE... THEN 


END 
ENDIF 


+LOOP. 

Loop. back to BEGIN. until true at 

_ UNTIL. . 

Loop while true at WHILE, REPEAT © 
loops unconditionally to BEGIN. 

Unconditional loop. 

If top of stack true, execute following . 
clause: THEN continue; otherwise 
continue at THEN. 

li top of’stack true, execute ELSE 
clause THEN continue® otherwise 
execute following clause, THEN 
continue. 

Alias for UNTIL. 

Alias for THEN.. 


COMPILER-TEXT INTERPRETER, 


[COMPILE] 
COMPILE 
LITERAL 
DLITERAL 
EXECUTE 


( 
] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 
TASK 

- FIND 

DP 

Ce 

PAD 
IMMEDIATE 
INTERPRET 
LATEST 

Lit’ 
CLIT 
LITERAL 


SMUDGE 
STATE 


Force compilation of IMMEDIATE word.. 


,, Compile following <name> into 


dictionary. . 

Compile a number into a literal. 

Compile a double- “Precision number into 
a literal. 

Execute the definition on top of stack. 


“Suspend compilation, enter execution. 


Resume compilation. 


Create a dictionary header. 

FORGET all definitions from <name> 
on. 

Returns address of next unused byte in 
the dictionary. 

Leave a gap of n bytes in the 

dictionary. 

A dictionary marker. 

Find the address of <name> in the 
dictionary. 

Search dictionary for<name>. 

User variable. containing the dictionary 
pointer. 

Store byte into dictionary. 

Compile a number into the dictionary. 


Pointer to temporary buffer, © 


Force execution when compiling, 

The Text Interpreter executes or 
compiles. 

Leave name field address (NFA) of top 
word in CURRENT. 

Place 16-bit literal:on the stack, 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing compliation 
state. 
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FORTH WORDS (CONT'D) » 


USER VARIABLES (See Note 1) 


U?TERMINAL User variable for 7TERMINAL. (See 
Note 2.) . 

UABORT User variable for ABORT. 

UB/BUF User variable for B/BUF. 

UB/SCR User variable for B/SCR. 

UC/L User variable for C/L. 

UEMIT User variable for EMIT. 

UFIRST User variable for FIRST. 

UKEY User variable for KEY. 

ULIMIT User variable for LIMIT. 


MONITOR & CASSETTE 1/O (See Note 1) 


COLD AIM 65 FORTH cold start. 
. {See Note 2.) 
MON Exit to AIM 65 Monitor. (See Note 2.) 
CHAIN Chain tape file. 
CLOSE Close tape file. 
7IN "Set to active input device (AID), 
20UT Set to active output device (AOD). 
GET Input a character from the AID. 
PUT Output a character to the AOD. 
READ Input n2 characters from AID to 
address n1. 
WRITE Output n2 characters to AOD at 
address n1. 
SOURCE Compile trom the AID, 
FINIS Terminate complete from SOURCE. 


INPUT-OUTPUT (See Note 1). 


-CR ’ Qutput CR to printer only. 
CR Carriage return. 
SPACE Type one space. 
SPACES Type n spaces. 
CLALINE - Output a CTRL B. 
” Print taxt string (terminated by "). 
DUMP Dump n2 words starting at address. 
TYPE -Type string of n1 characters starting at 
address n2. 
7TERMINAL True. if terminal break request present. 
KEY Read key, put ASCIi value on stack. 
EMIT Output ASCII value from stack. 
EXPECT Read ni characters from input to 
: address n2. : 
WORD Read one word from input stream, until 
delimiter. 
IN User variable contained within TIB. 
BAUD Set BAUD rate, 
BL Output a SPACE character. 
C/L Nusnber of characters/line. 
TIB Pointer to terminal input buffer start 
address. — 
QUERY Input text from terminal. 
ID. Print <name> from name # field 
address (nfa). 
HANG Wait for keystroke. 


OUTPUT FORMATTING (See Note 1) 


NUMBER Convert string at address to double- 
precision number. 
<# Start output string. 


NOTES: 1. Requires user-provided 1/O function. 
2. Requires AIM 65 Monitor ROM be installed. 
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OUTPUT FORMATTING (CONT'D) 


# 


#8 


SIGN 


#> 
HOLD 


HDL 

- TRAILING 
«LINE 
COUNT 


VOCABULARIES: 
CONTEXT 
CURRENT 
FORTH . 
ASSEMBLER 
DEFINITIONS 


VOCABULARY <name> 
VLIST 


VOC-LINK 
VIRTUAL STORAGE 
LOAD oe 


BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS . 
+BUF 

BUFFER 

RW 

USE 


PREV 


FIRST 
OFFSET 


--> 
iS 


Convert next digit of double-precision 
number and add character to output 
string. ie 

Convert all significant digits of double- 
precision number to output string. 

insert sign of n into output string. 

Terminate output string (ready for 
TYPE). 

Insert ASCII character into output 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. 

Display line of text from mass storage. 

Change length of byte string to type 
form. 

Print number on top of stack. 

Print humber ni right justified n2 
places. : 

Print double-precision number n2 n2. 


.Print double-precision number n2 n1 


right justified n3 places. 
Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage screen (compile or 
execute). 

Read mass storage block to memory 
address. 

System constant giving mass storage 
block size in bytes. 

Number of blocks/editing screen. 

System variable containing current 
block number. 

System varlable containing current 
screen number. 

Mark last buffer accessed as updated. 

Write all updated butters to mass 
storage. 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User read write linkage. 

Varlable containing address of next 
buffer. 

Variable containing address of latest 
‘buffer. 

Leaves address of first block buffer. 

User variable block offset to mass 
storage. 

Interpret next screen. 

Stop interpretation. 








RM65-0152 
FORTH WORDS (CONT'D) 





RM 65 Run-Time FORTH ROM 








PRIMITIVES SECURITY 
OBRANCH Run-time conditional branch. {CSP Store stack position in check stack 
BRANCH” Run-time unconditional branch. pointer. 
ENCLOSE Text scanning primitive used by WORD. ?COMP Error if not compiling. 
RO Location.of Return Stack. 2CSP Check stack position. 
$0 Location of Parameter Stack. ?7ERROR Output error message. 
RP! Initialize Return Stack. 2EXEC Not executing error. 
SP! Initialize Parameter Stack. ?PAIRS Conditional not paired error. 
NEXT The FORTH virtual machine. STACK Stack out of bounds error. 
ABORT Error; aperation terminates. : 
ERROR Execute error notification and restart 
system. 
MESSAGE Displays message. 
WARNING Pointer to message routine. 
FENCE Prevents forgetting below this point. 
WIDTH Controls significant characters of 
. <name>. 
MATH PACKAGE FORTH WORDS (A65-040)* 
FLOATING POINT ARITHMETIC USER VARIABLE 
F+ Adds two floating point numbers. MIN-WIDTH Specifies the minimum field width to be 
F- Subtracts one floating point number , output. 
from another floating point number. DEC-LENGTH Specifies the number of places to the 
F* Multiplies two floating point numbers. right of the decimal point to be © 
F/ Divides one floating point number by output. 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute value of a floating 
point number. 

INT Truncates a floating point number to an 
integer. 

SGN Converts the sign of a floating point 
number to a floating point number. 

FSIGN Gets a value corresponding to the sign 
of a floating point number. 

FCOMP Compares the value of a compacted 
number in memory to a floating point 
number. 

POLYNOMIAL 

POLY Evaluates a polynomial with 
consecutive exponents. 

POLYODD Evaluates a polynomial with odd 


exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQA Takes the square root of a floating point 
number, ; 3 

> Raises one floating point number to the 
power of another floating point 
‘number. ; 

EXP Raises the transcendental number e to 
the power of a floating point number.. 

LOG Computes the logarithm to the base 10 
(i.e., common log) of a floating point 
number. 

LN Computes the logarithm to the base e 
(i-e., natural log) of a floating point 
number. 


*Requires AIM 65 FORTH or RM 65 Run-Time FORTH be resident. 
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ASCII/FLOATING POINT.CONVERSIONS 


FIN Converts a number in memory from 
ASCil to floating point format. 
Converts a number from floating point 

to ASCII. 


FOUT 


FORMAT CONVERSION AND DATA MOVING 


M>F Unpacks the compacted number in 
memory to floating point. 
F>M Packs the floating point number to 


compactéd format and stores the 
result in memory. 


M>A ‘Unpacks the floating point number in’ 
memory. 

S>A -Converts an integer to floating point 
format. 

‘S>F Converts an integer to floating point 
format. 

F>s Converts a number from floating point 


‘to an integer, 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN Calculates the sine of a floating point 
number (in radians). 

cos Calculates the cosine of a floating point 
number (in radians). 

TAN Calculates the tangent of a floating 


point number (in radians). 


ARCTAN Calculates the arc tangent of a floating 
point number, 

DEGREES Converts a floating point number from 
radians to degrees. 

RADIANS Converts a floating point number from 


degrees to radians. 
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Rockwell 


RM.65 MICROCOMPUTER MODULES | 


FIM 65 Microcomputer Module products are designed for OEM 
and end user’microcomputer. applications requiring state-of-the- 
art performance, compact ‘size, modulat design and low cost. 
Software for RM 65. systems can be developed in R6500 
Assembly Language, PL/65; BASIC, and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module’ products use a motherboard interconnect con- 
cept in which any card can be inserted in any slot. The 64-line 
RM 65 Bus offers memory addressing up. to 128K bytes, pro- 
vides high immunity to electrical noise and includes growth.pro- 
visions for user functions. A'selection of card cages allows 
packaging flexibility. RM 65 products may also be used with 
Rockwell AIM 65 and AIM 65/40 Microcomputers for product 
‘development’ and for:a broad variety of portable or desktop 
microcomputer applications. 


| PRODUCT OVERVIEW 


The RM 65 PROM Programmer module in conjunction with an 
AIM 65 or AIM 65/40 Microcomputer; programs industry stan- 
dard 1K-, 2K-; 4K- and 8K-byte EPROMs (ultra-violet light eras- 
able prograrnmable read-only memories) and 2K-byte EEROMs 
(electrically erasable programmable read-only memories). The 
module consists of an. RM 65 module and a PROM socket 
“module connected together by a 24-inch ribbon cable. A 28-pin 
Zero Insertion. Force (ZIF) socket mounted on the PROM socket 
module: allows installation of a 28-pin or 24-pin PROM. The 
PROM socket module may be installed in various: desk-top 
enclosure or front panel arengemens for development, end- 
user or OEM installation. 


RM65-2901E | 
RM 65 Microcomputer Family 


RM65-2901E 


RM 65 PROM PROGRAMMER MODULE 


FEATURES 


RM 65 bus compatible 
Compact size RM 65 module—about 100 mm x 160 mm 
(4 in. x 6% in.) 
Separate PROM socket module with 
—28-pin Zero Insertion Force (ZIF) socket. 
—Mounting holes for enclosure or panel. installation 
—Connecting 24-inch cable to. RM 65 module 
Programs 1K-byte to 8K-byte UV EPROMs 
—1K-byte: 2508, 2758 ° 
—2K-byte: 2516, 2716 
— 4K-byte: 2532, 2732, 2732A 
—8K-byte: 2564, 2764, 68764 
e Erases and programs 2K-byte EEROMs 
— 2K-byte: R5219/2816, 5213; 2816, 48016: 
e On-board 8K-byte ROM contains programming functions 
compatible with both 
—AIM 65 Microcomputer Monitor 
—AIM 65/40 Microcomputer YO and Monitor 
e Easy-to-use interactive commands 
—PROM interface (check, ‘program, vead, verify) 
‘RAM preparation ¢fil and invert) 


— Utility functions. (command and PROM type menu, PROM 
type selection, toggle verify mode, etc.) 


Verity during or after programming 
+5V only operation (on-board DC/DC Siieeien 
« Fully assembled and tested with one year warranty 
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ORDERING INFORMATION 


Description . 
PROM Programmer Module. 
Fea) FS Penne aig aah 


Note: ; 
*Included with RM65-2901E. 





FUNCTIONAL DESCRIPTION 


RM 65 Module 


‘The Data Transceivers invert and transfer 8-bits of parallel data 
between the PROM Programmer module and the RM 65 data 
bus when enabled by the Chip Select Decoder. The read/write 
line from the RM 65 bus determines the. direction of data flow. 
During a write operation, data is transferred: from.the .bus to the 
module; during a read operation, data is transferred from the 
module to the RM 65 bus, 


The Control Signal Buffers invert and transfer the phase 2, read/ 


write, bank address and reset signdls from the RM 65 bus to . 


” the module. The bus active signal is: also driven to:the RM 65. 
bus when data is being transferred between the RM.65 bus and 
‘the module, © 


Address Signal Buffers invert and transfer signals from 13 
address lines from the RM 65 bus to the module. 


The Chip Select Decoder, in conjunction with Base Address 
Select, Bank Select and Bank Select Enable switches and the 
ROM Range Select jumper decodes the address from the AM 
65 bus and generates enable signals to other major on-board 
circuits. When the address matches the VO Base Address 
~ switch positions, one of two Octal Latches, the’on-board R6522 
Versatile Interface Adapter (VIA), the Digital-to-Analog Con- 
verter.(DAC) and/or the Data Bus Transfers are enabled. When 
the address: matches the ROM Base Address switch positions 
and ROM Range Selection jumper position, the on-board pro- 
gram ROM is enabled along with the Data Bus Transceivers. 


Bank Select and Bank Select Enable switches assign the module 
to one or two 65K-byte memory banks. The Bank Select Enable 
switch assigns the module’ to be active in common memory 
(both Bank 0 and 1) or it the bank selacted by the’Bank Select 
switch (either Bank.0 or 41). = ‘ i 


There are eight. Basé. Address switches; four switches assign 
the on-board ROM base address to a 4K-byte boundary and five 


assign the /O base address to a page (256 bytes) within the - 


ROM base address. 


The ROM Range Select jumper indicates that no-ROM, @ 4K- 
byte ROM or an &K-byte ROM, is installed on-board. 






An 8K-byte ROM containing the PROM Programmer computer 
program instructions is installed on the ‘module. One-half of the 
ROM contains programming functions, memory mapped at 


°$7100-$7FFF, which. operate in conjunction with the AIM 65 


Monitor firmware. The other half of the. ROM is'memory mapped 
at $D100-$DFFF and contains programming functions compat- - 


- ible with the AIM 65/40 VO and Monitor ROMs. A jumper selects 


which 4K-bytes (upper or lower), or if the entire 8K-bytes, ofthe | 
ROM socket are to be addressed. 


The R6522 VIA transfers 8-bit data between the RM 65 data 
bus and the PROM data lines.and controls programming voltage 


. levels. During PROM programming; the VIA transfers data from 


the Data Transceivers for writing into the PROM and during-a 
PROM. read, verify.or check function, the. VIA reads data from 
the PROM. During PROM programming; the VIA issues control 
signals to the Power Multiplexer, the Misplaced PROM Detector, 
and the Vpp Rise/Falt Time Controller. atone 


The Programmable Voltage Regulator, consisting of.the 8-bit 
DAC, a Vpp Rise/Fall Time Controller, a DG/DG Converter and 
an Analog Buffer, generates the Vpp programming voltage. The 
DAC:.,outputs a: voltage proportional. to Vpp for ‘the selected 
PROM type as controlled by 8-bit data received fram the RM 65 
data.bus. The DAC output voltage is amplified to. the full Vpp 


_level, mixed with the rise or fall time control signal, clamped to 


minimum Vpp level, and output ‘to the Analog Buffer. The +5 
to +32V DC/DC Converter provides the high voltage used in 


the second stage of amplification. The’ Analog Buffer amplifies 


the Vpp current for use by the Power Multiplexer. 


The Power Multiplexer selects the proper voltage. level to output 
to the PROM during a programming or read operation as con- 
trolled by signals from the VIA and Octal Latch A. The output 
voltage is selected from TTL high, TTL low, Vcc and the. Vpp 
output from the Analog Buffer. The correct voltage is selected 
by VIA output contral lines. 


The Misplaced PROM Detector determines if a 24-pin PROM. 
‘has been offset by one or two pin positions when installed in 
the 28-pin ZIF socket on the PROM module. The detected state 
is input to the VIA and sampled by the programming firmware 
to prevent application of programming voltage to a misplaced 
PROM. 


The two Octai Latches, A and B, transfer addresses from the 
Address Suffers to the PROM during PROM access operations. 
The levels of three programming voltages output by the. Power 
Multiplexer to the PROM are also controlled by Octal Latch A. 


PROM Socket Module and. Interface Cable: 


. A 8-pin: Zero Insertion Force (ZIF) socket is mounted ona 
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3-inch x 3-inch PROM sacket module and connected to the RM 
65 module by a 24-inch ribbon cable. The socket module’has 
mounting holes and may be installed in any orientation. The.28- 
‘pin ZIF socket allows installation of 24-pin. PROMs as. well as 
28-pin. PROMs. 
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PROM PROGRAM COMMANDS 


Computer program routines to operate'‘the PROM Programmer 
-module are provided in an 8K-byte ROM installed on the RM 65 
module. One of the. two versions of the resident firmware is 
jumper selectable upon installation to operate with either the 
AIM 65 or the AIM 65/40 //O and Monitor firmware. Easy-to-use 
interactive commands perform PROM interface functions (check, 
program, read and verify), RAM preparation functions (fill and 
‘invert) and utility functions (e¢.g., command and PROM type 
menus, toggle verification mode, and change PROM type). 
Many Monitor commands are directly linked to the PROM Pro- 
grammer command level for ease of operation. 


PROM Programmer commands are invoked from a command 
enty level mode similar to the AIM 65 and 65/40 Debug Monitor 
operation. Initial entry and re-entry functions from the Debug 
Monitor provide operator Initialization flexibility. The commands 
listed below can then be selected by single keystrokes. Sub- 
‘prompts displayed upon command selection request entry of 
information pertinent to the specific function. Once initiated, 
each function operates automatically until successful comple- 
tion or upon termination due to a detected error. 


RM 85 BUS. 
’ CONNECTOR 


DATA 
BUS 
TRANS- 
CEIVERS © 


CONTROL CONTROL 
AND ; SIGNAL 
TIMING , BUFFERS 


ADDRESS 
ADDRESS  gIQNAL 
BUFFERS : 
CHIP 
75 P| SELECT 
BANK ADDRESS : errr O£CODE 


SELECTION | 
JUMPER 








FIRMWARE 


PROM Programmer Module 


PROM PROGRAMMER FUNCTIONS 


Command " Furiction 








Check PROM 
Program PROM 
Read PROM 

Verify PROM 
Check Memory 
Alter Memory 

Invert Memory 
Display Menu 

Erase EEROM 
Change PROM Type 
Toggle Verify Mode: 
Exit 

Load with Offset 
Dump with Offset 


OrxXAZMvy—-PH<DVO 


The RM 65 Floppy Disk Controller (FDC) Module and DOS 1.0 
functions may also be used in conjunction with the PROM Pro- 
grammer to simplify file handling during PROM programming or 
read operations. 


vo BUS 
CONNECTOR 


PROM 
ADDRESS 


PROM 
ADDRESS 
AND CONTROL 


PROM 
DATA 


PROM 
ADDRESS 
AND DATA 


- PROM 
VPP RISE/ ADDRESS 

” FALL TIME : CONTROL 
CONTROL ; Vec, Vpp 
CIRCUIT f 








MISPLACED 
PROM 

_ DETECTION 
CIRCUITRY 


ANALOG 
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PROM Socket Pin Assignment 
Connector | . 28-pin PROM : Connector - 26-pin PROM 















J1 (P2) Socket Pin |. Signal _ Jt (P2) Socket Pin Signal |. 

Pin No. Number ’ Symbol Signal Name PinNo. Number Symbol |. Signal.Name . 
3, 5, 10, 14° "Ground 16 44 : QO | Data Bit o 
15, 24, 26, 7 12 Ql Data Bit 1 
28, 30, 32, 18 13 Q2. Data Bit 2 
re ae 28 PROM Supply Voltage 19 i . Data Bit 3 

; 2 1 Programming Voltage eo , 18 3 Date Pe sf 
ie 5 21 17 Q5 ., Data Bit 5 
4 2 Address Bit 12 al 
6 3 Address Bit 7 he te ; 6 - Data Bit 6. 
7 4 Address Bit 6 ate iad a Data Bit 7 
mae 25 20 CE. Chip Enable 
8 5 Address Bit 5 ; 
9 6 Address Bit 4 ef. 21 Alt 0 . Address Bit 10 
Wi 7 Address Bit 3 a ee Oe OuporEnabe 
Bi 31 23 All Address Bit 11 
12 8 Address Bit 2 ieee! ‘ 
13 9 Address Bit 4 ie ee Ae pane et 9 
14 10 Address Bit 0 . Le a a: 
* ‘36 26 - ATS Address ‘Bit 13 
38 27 “ PGM | Program 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) . Top (Component Side) 
Mnemonic Signal Name i Mnemonic Signat Name 
GND Ground taf] te +5V +5 Vde 
BADR/ Buffered Bank Address 2a 2c BA15/ Buffered Address Bit 15 
GND Ground 3a’ 3c BA14/ Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 4a 4c BAt2/ Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 5a 5¢ GND Ground 
BA10/ Buffered Address Bit 10 6a 6c BAQ/ Buffered Address Bit 9 
BA8/ Buffered Address Bit 8 7a. 7¢ BA7/ Buffered Address Bit 7 
GND Ground ‘Ba. 8c . BAG/ Buffered Address Bit 6 
BAS/ Buffered Address Bit 5 . 9a ; 9c  BA4/ Buffered Address Bit 4 
BA3/ Buffered Address Bit 3 10a 10¢ GND Ground 
BA2/ Butfered Address Bit2 .. ita . He BAI/ Buffered Address Bit 1 
BAO/ , Buffered Address Bit 0 12a. 12¢ Bei *Buffered Phase 1 Clock 
GND Ground 13a. 13c BSYNC “Buffered Sync 
BSO "Buffered Set Overflow 14a 14c- BDRQ1/ *Buffered DMA Request 1 
BRDY - *Buffered Ready 15a 15c GND Ground 
“User Spare 1 16a ' 16c¢ -—12V/-V *—12 Vde/-V 
+12V/+V *+12 Vde 17a 17¢ "User Spare 2 
GND Ground 18a 18¢ BFLT/ | “Buffered Bus Float 
BDMT/ *Buffered DMA Terminate 19a 19¢ | Bgo “Buffered External Phase 0 Clock 
*User Spare 3 20a 20c¢ GND _ Ground 
BR/W/ Buffered Read/Write “Not” 2ia 2c BDRQ2/ *Buffered DMA Request 2 
“System Spare 22a ry 22c BRIW “Buffered Read/Write 
GND Ground 23a 23¢ BACT/ . Buffered Bus Active 
BIRQ/ "Buffered Interrupt Request 24a ‘ 24¢ BNMI/ *Buffered Non-Maskable Interrupt 
Bd2/ Buffered Phase 2 “Not” Clock 2a =| | 25c GND Ground 
B¢2 “Buffered Phase 2 Clock 26a 26 BRES/ Bufféred Reset 
8D7/ Buffered Data Bit 7 27a | 27 BD6/ Buffered Data Bit 6 
GND Ground 28a 28c BD5/ Buffered Data Bit 5: 
BD4/ Buffered Data Bit 4 29a. 29c BD3/ Butfered Data Bit 3 
BD2/ Buffered Data Bit 2 30a 30c GND Ground 
BD1/ Buttered Data Bit 1 31a |’ ate BDO/ Butfered Data Bit 0 
+5V +5 Vde 32a 32c GND Ground 
Note: 


*Not used on this module 
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SPECIFICATIONS 


Characteristics 


Dimensions 

PROM Programmer Module 
Width 
Length 
Height"? 
Weight?) 

PROM Socket Module 
Length 
Height!?! 
Weight (with cable) 9) 

PROM Programmer Cable 
Length 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Requirements 


Connectors/Sockets 
RM 65 Bus Connector (P1) 


Socket Module Cable Connector (J1) 


PROM Socket 
Notes: 


. Values 


100 mm (3.94 in.) 
167 mm (6.58 in.) 

14 mm (0.56 in.) 
184g (6.5 02.) 


76 mm (3.0 in.) 
35 mm (1.38 in.) 
99g (3.5 02.) 


610 mm (24 in.) 


0° to 70°C 
—40°C to 85°C 
0% to.B5% (without condensation) 
+5V +5% at 1.1 A typical 
: 2.0 A maximum (average) 
2.9 A maximum (peak) 


64-pin plug per DIN 41612 (Rows a and b with c not installed) 


40-pin plug (0.100 in. centers) per DIN 41612, mates with 
3417-7040 (3M) or equivalent 


28-pin, 213R27-010 or equivalent 


1. Height value includes the maximum values for component height above the board surface (0.4 in.), printed circuit board thickness (0.062 in.), 


and pin extension through the bottom of the module (0.1 in.). 


2. Height value includes height of Zero Insertion Force Socket lever and cable connector plug thickness. 


3. Total weight of PROM Programmer Module (including PROM Programmer Cable with attached PROM Socket Modula) 284 g (10 02.). 


HEIGHT 


RM 65 MODULE 


172 MM 
(6.8 iN) 


MATING 
MOTHERBOARD 
AND RECEPTACLE 
LENGTH —___» 





EUROCARD EXTENSION 


COMPONENT CONNECTOR 


pee eee 


PROM Programmer Module Outline 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-3108E 8K Static RAM Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in “A6S00 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
-cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AiM 65 and 
‘AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-3108E 8K Static RAM Module contains 8192 68-bit 
bytes of Random Access Memory (RAM), in sixteen 2114 static 
RAM devices. The memory is arranged as two separately 
‘addressable 4K memory sections. The starting address of each 
4K section is selectable by on-board address switches. A Bank 
Select switch allows the RAM module to be assigned to one of 
two 64K memory banks. | 


RM65-3108E 
RM 65 Microcomputer Family 


RM65-3108E 


RM 65 8K STATIC RAM MODULE 


FEATURES 


Compact size—about 4” x 6%” (100 mm x 160 mm) 
Pin and socket bus connectors 

RM 65. Bus compatible 

Buffered address, data and control lines 

Two separately addressable 4K byte sections 

16 socketed 2114 static RAM devices 

Write-protect switch for each memory section 

Bank Select and Enable switches 

+5V operation 

Fully assembled, tested and warranted, 


ORDERING INFORMATION 


Part No. 


RM65-31 O8E 
RM65-3108NE 


8K Static RAM Module 
8K Static RAM Module (without RAM 
devices installed) 


8K Static RAM Module User’s Manual 
(included with RM65-3108E and 
RM65-3108NE) 
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FUNCTIONAL DESCRIPTION 


8K bytes of static 2114 RAM are divided into two separately : 


addressable 4K blocks, Two devices per: 1K Dyes are required 
‘since each device is 1K x # bits. 


The Data Transceivers ier and transfer 8-bits of parallel data 
‘between the RAM devices and the RM 65 Bus, based on data 
direction signals-from the Data Transceiver Control Circuit. 


The Address Buffers invert and transfer 16 address, bits from 


the AM 65 Bus to the RAM devices, to the Base Addréss. 


Decoders and: ‘to the Chip Select Decoder. 


The Control Buffers invert and ‘transfer: phase: 2 dlock and read/ 
write control signais from the RM 65 Bus onto the RAM rhodule, 
and drive the bus active signal onto the AM 65 Bus. 


The Bank Select Controller detects when the RAM: module's 
assigned memory.bank is addressed, by comparing the bank 
address signal from the RM 65 Bus to the settings of the Bank 
Sélect and Bank Select Enable switches. If the addressed bank 
is the same as the selected memory Beni an enable ‘signsl is 
sent to the Chip Select Decoder. 


Two Base Address Decoders detect. when:e ither 4K RAM Sec- 
tion (1 of 2) is addressed, by comparing the address lines to 


AM 65 
BUS CONNECTOR 


DATA . 
TRANSCE IVERS 


RAW 
BUS 
ACTIVE CONTROL 
TIMING AND. RUPFERS 


CONTROL 


DATA 


TRANSCEIVER 
CONTROL 


BANK 
SELECT 
CONTROL 


BANK 
ADDRESS 


BANK SELECT pee 
| ENABLE SWITCH : 


appness | _ 
ADURERS BUFFERS =f 






Base Address Select switch sett When amatch occurs, an 
enable signal is sent to the Chip; Select Decoder. 


The Chip Select Decoder tiaesoutputs.from the Bank: Select 


Control circuit, the Base Addregs Decoders, and the PROM/ 
ROM size jumpers as well as addressitines A1t and ATO to 
generate one of eight chip select lines to the RAM devices. A 


-signal indicating that a chip select line is active is also sent to 
-the Write Conte and. Data Transceiver come circuits. 


ie 


The Write. Control circuit generates the write enable signals to 


the RAM devices and. to the Data Transceiver Control. circuit. 
if the corresponding write protect switch is off, the write enable 
signal is -activated..If the Write Protect switch is on, the Data 
Transceivers are disabled. 


The Data Transceiver Control circuit determines whether a valid 
read or write operation is in progress, and provides. transceiver 


_enable and data direction signals to the Data Transceivers. The 


ata Transceivers are enabled if both the bank address and the 
address lines correspond to the selected bank and a selected 
base address, respectively, 


- WRITE 
| WRITE PROTECT 
CONTROL f _SWITCHES. | 


>| CHIP RAM 
|) SELECT SECTIONS 
| DECODER 


J BAS 
ADDRESS 


SELECT 
SWITCHES. 


4 BASE 
ADDRESS 
DECODERS 


8K Static RAM Module Block Diagram 





RM65-3108E 8K Static RAM Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) E 


Signat Input/ Signal 
Signal Name Output Pin 


Top (Component Side) 


Mnemonic Mnemonic Signal Name 


GND Ground +8V +5 Vde 
BADR’ Buffered Bank Address BA15/ Buffered Address Bit 15 
GND Ground BA14/ Buffered Address Bit 14 
BA19/ Buffered Address Bit 13 | BA12/ Buffered. Address Bit 12 
BAI1/ Buffered Address Bit 11 GND Ground 
BA10/ Buffered Address Bit 10 BAS9/ Buffered Address Bit 9 
BA&s/ Buffered Address Bit 8 BA7/ Buffered Address Bit 7 
GND Ground BAG/ Buffered Address Bit 6: 
BAS/ ' Buffered Address Bit 5 BAY Buffered Address Bit 4 
BA3/ Buftered Address Bit 3 “| GND Ground 
BA2/ Buffered Address Bit 2 : BA1/ Buffered Address Bit 1 
BAO/ Buffered Addrass Bit 0 Bd *Butfered Phase 1 Clock 
GND Ground BSYNC “Buffered Sync 
BSO *Buffered Set Overflow BDRQ1/ “Buffered DMA Request 1 
BRDY “Bufferad Ready GND Ground 
“User Spare 1 —12V/-V *—12 Vdc/-V 
+12V/+V "+12 Vde/+V : “User Spare 2 
GND Ground Line BFLT/ “Buffered Bus Float 
BDMT/ “Buffered DMA Terminate Bgo “Buffered External Phase 0 Clock 
*User Spare 3 GNO ” Ground 
Buffered Read/Write “Not” BDRQ2/ “Buffered DMA Request 2 
*System Spare BAW Buffered Read/Write 
Ground BACT/ Buffered Bus Active 
*Buffered Interrupt Request BNMI *Buffered Non-Maskable Interrupt 
Buffered Phase 2 “Not” Clock GND Ground 
"Buffered Phase 2 Clock BRES/ “Buffered Reset 
Buffered Data Bit 7 BD6/ Buffered Data Bit 6 
Ground BD5/ Buffered Data Bit 5 
Buffered Data Bit 4 BD3/ Buffered Data Bit 3 
Buffered Data Bit 2 GND Ground 
Buffered Data Bit 1 BDO/ Buffered Data Bit 0 
+5 Vde GND Ground 





*Not used on this module. 


6.8 IN. 
{172 MM) 


a 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


EUROCARD CONNECTOR 
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RM65-3108E _ | 8K Static RAM Module 





SPECIFICATIONS 
Parameter | 


Dimensions (See Notes) 0 
Width | 3.9 In. (100 mm) 
Length 6.3 In, (160 mm) 
Height a "0.56 in. (14 mm) 


Environment * 33 
Operating Temperature 0°C to 70°C 
Storage Temperature ~40°C to +85°C 
Relative Humidity ~~ 0% to 85% (Without condensation) 


Power Resureyrent: 7 +5 Vde +5% @ 1.0A (5,0W)—Typical 
1.9A e 5W)—Maximum 


RM 65 Bus Interface. rae 64-pin ple (0.100 in. centers) per DIN 41612 Ove b not installed) 


Notes: ; 
1. Height Includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
_ thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). zi 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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Rockwell 


RM65-3132E 
RM 65 Microcomputer Family 


RM65-3132E 


RM 65 32K DYNAMIC RAM MODULE 





RM 65 MICROCOMPUTER MODULES 


The RM65-3132E 32K Dynamic RAM Module is one of the hard- 
ware options available for the RM 65 Microcomputer, Module 
Family. , 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 


and FORTH are available in ROM and can be incorporated into: 


the user’s system. 


AM 65 module products use a motherboard interconnect con- 


cept and accept any card in any slot. The 64-line. RM 65. Bus. 


offers memory addressing up to 128K bytes, high immunity to 


electrical noise and includes growth provisions for user func- 


tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 
The 32K Dynamic RAM module provides 32K bytes of read/ 


write memory using 16 16K bit x 1 dynamic RAM (DRAM). 


devices. Two bank select switches allow the board to be dedi- 
cated to either one of two 65K Banks, or to be assigned common 


to both banks. A 24-pin DIP header allows each of the eight 4K. 


sections to be independently mapped into any 4K block of the 
selected 65K bank. The independent addressing of blocks pro- 
vide flexibility with system memory maps. An on-board switch 
allows the entire board to oe write-protected. 


All refreshing of the ‘edi RAM chips is automatic and com- 


pletely transparent to the RM 65 Bus, thus providing low power 


performance at no loss of bus speed. 


FEATURES 


Compact size-——about 4" x BYa” (100 mm x 160 mm) 
Pin and.socket bus connection 

RM 65 bus compatible 

Buffered data, address, and control lines 


‘Internal Refresh controller is completely transparent to the 
RM 65 bus 


On-board switch allows write protection 


e Base Address Header allows each 4K memory section to be 
assigned to any 4K block as a Selected bank 


e Bank select switches allow the entire board to be mapped 
into either or both.65K banks 


e On-board DC-DC converter for —5 volt power supply 
® Requires +5 and +12 volt power from the RM 65 bus 
e Fully assembled, tested, and warranted. © 


ORDERING INFORMATION 


Description 


32K Dynamic RAM Module 
32K Dynamic RAM Module {without RAM 
devices installed) 


| 32K Dynamic RAM Module User’s Manual 


‘(included with RM65-3132E and 
AM65-3132NE)_ , 


RM65-3132E 
RAM65-3132NE 


Order No. 





AIM65-3132E 32K Dynamic RAM Module 





Document No. RMA65N11 
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Data Sheet Order No. RM11 
Rev. 2, June 1983 








RM65-3132E 


32K Dynamic RAM Module 





FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bit parallel data . 
between the selected DRAMS to the AM 65 bus. During aread © 
operation, data from the DRAMs are latched and driven,by the 
transceivers onto the RM 65 bus. During a write operation, data 
from the RM 65 bus drives the DRAMs. The transceivers are 
disabled when the module is not addressed. 


The Address Buffers invert and transfer 16-bit parallel address 
lines. from the RM 65 bus into the DRAM Module. 


The Bank Select Control circuit detects when the DRAM module's 
assigned memory bank is addressed by comparing the ‘bank 
address signal from the RM 65 bus to the Bank Select and Bank: 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only.in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). , , 


The Controt Buffers buffer the control and timing signals used 
from the RM 65 bus. 


The DRAM devices require 3 voltages. Two of these (+5 and 
+12 volts) are available directly from the RM 65 bus. The third 
voltage (—5 volts) is.generated on board with a DC/DC converter. 


The Address Decoder uses the four MSB. address lines to 
decode and enable one of 16 lines, each of which correspond 
to 4K blocks. The Base Address Selection Jumpers are placed 
in a 28 pin socket which consists of 16 lines from the ‘Address 
Decoder, four lines from +5 volts, and 8 lines to the Base 
Address Encoder. The Base Address Selection is made by con- 
necting each of the eight encoder inputs to any one of the 16 
decoder outputs or to +5 volts. This allows each 4K block to be 
addressed anywhere in the selected 65K memory bank or dis- 
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abled. The Base Address Encoder prodiices a 3 bit code for the. 


‘enabled line and an additional signat for any line active (Board: 


Select). The 3 bit code from the encoder becomes the 3.MSB 
address bits for the Memory Address Multiplexer, The Board 
Select line and a valid Bank Select signal are used to enable’ 
the Memory Controller and Data Transceivers, as well'as create 
a Data Bus Active Signal. 


The Write Control logic uses the Write Protect switch and the 
Read/Write, line to enable writing into the DRAMs. If the Write 
Protect switch is off, the Read/Write signal is transferred directly 
to the Memory Controller. If the Write Protect switch is on, the 
Memory Controller forces a read operation so that the contents 
of the DRAMs will not be altered. 


The _Timing Control generates all the clocks required by the 
Memory’ Controller, Memory Address Multiplexer, and the 
Refresh Clock. The Refresh Clock generates a refresh cycle for 
every seven RM 65 clock cycles. 


The Memory Controller uses the clocks derived in the timing 


control to sequence the signals to the DRAM devices. During 
normal read or write cycles, the Memory Controller allows Row 
Address, then Column Address information to be applied to the 
addressed DRAMs and generates the read/write signal. When 
a refresh is required, the timing is controlled so that the refresh 
is transparent to the RM 65 bus. 


The Memory. Address Multiplexer and Refresh Counter multi- 
plexes Row, Column, or Refresh Addresses onto the DRAM 
address lines in response to the Memory Controller. There is 
also a Refresh Counter which is incremented by the Refresh 
Clock. 
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32K Dynamic RAM Module Block Diagram 
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RM65-3132E | 32K Dynamic RAM Module 








RM 65 Bus Pin Assignments 


Tap (Component Sie) 


Signal Signal 7 
Pin Mnemonic Signal Name : Mnemonic Signal Name 
‘fa 








GNO Ground te +5V +5 Vde 

2a BADRY Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a GND Ground i fe BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 y 6c BA9/ Buffered Address Bit 9 
7a BA®@/ Buffered Address Bit 8 7c BA7/ Buffered Address Bit 7 
8a GND Ground 8c BAG/ Buffered Address Bit 6 
ga BAS/ Buffered Address Bit 5 9c BA4 Buffered Address Bit 4 

10a BA3/ Buffered Address Bit 3 10 GND Ground 

11a BA2/ Buffered Address Bit 2 ; dic BA1/ Buffered Address Bit 1 

12a BAO/ Buffered Address Bit 0 12c Bg *Butfered Phase 1 Clock 

13a GND Ground 13c BSYNC “Buffered Syne 

14a BSO “Buffered Set Overflow 14c BDRQ1/ *Buffered DMA Request 1 

15a BRADY “Buffered Ready 15¢ GND Ground 

16a “User Spare 1 16c -12V/-V *~12 Vde/-—V 

17a +12W/+V +12 Vde/+V 17¢ > “User Spare 2 

18a GND Ground Line 18¢ BFLT/ “Buffered Bus Float 

19a BDMT/ *Buffered DMA Terminate 19¢ Bgo *Butfered External Phase 0 Clock 

20a “User Spare 3 20c GND Ground 

21a BRIW/ Buffered Read/Write “Not” 21c BORQ2/ *Buffered DMA Request 2 

22a *Systam Spare 22c BRIW Buffered Read/Write 

23a GND Ground 23c BACT/ Buffered Bus Active 

24a BIRQ/ *Buffered Interrupt Request 24c BNMI/ * Buffered Non-Maskable Interrupt 

25a Bg2/ Buffered Phase 2 “Not” Clock 25c GND Ground 

26a Bg2 "Buffered Phase 2 Clock 26c BRES/ *Buffered Reset 

27a BD?/ Buffered Data Bit 7 27¢ BDG/ Buffered Data Bit 6 

28a GND Ground 28c BDS/ Buffered Data Bit 5 

29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 

30a BD2/ Buffered Data Bit 2 '30¢ GND Ground 

3la BD1/ Buffered Data Bit 1 31ic BDO/ Buffered Data Bit 0 

32a +5V +5 Vde 32c GND Ground 

Note: 


*Not used on this module. 
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RM65-3132E _ | —- 32K Dynamic RAM Module 





SPECIFICATIONS 


Parameter ibe 2 Value 


Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


4.5 oz. (140 g) 











Environment 
Operating Temperature: ” 0°c to 70°C. 
Storage Temperature —40°C to +85°C 
Relative Humidity 0% to 85% (without condensation) 


: Power Requirements | +5 Vde +5% 1.4 A (7.0 W)—Maximum 
; ; +12 Vde +5% 170 mA (2.1W)—Maximum 
RM 65 Bus Intertac : 64-pin plug (0.100 in. centers).per OIN 41612 (Row b not installed) 


’ Notes:. 

- 1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform.to DIN 41612. 
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Rockwell 


RM65-3216E 
RM 65 Microcomputer Family 


RM65-3216E 
RM 65 16K PROM/ROM MODULE 





RM 65 MICROCOMPUTER MODULES 
The RM65-3216E 16K PROM/ROM Module is one of the hard- 


ware options available for the RM 65 Microcomputer Module 


family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for ARM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 16K PROM/ROM Module has eight, 24-pin sockets 
to accept up to 16K bytes of either programmable read-only 
memory (PROM) or masked read-only memory (ROM) devices. 
On-board jumpers permit selection of 2K, 4K or 8K byte PROM/ 
ROM devices. Switches allow setting of the starting address for 
independent 4K byte blocks of memory. Alt 16K bytes can be 
assigned to two memory banks, or 8K can be assigned to 
common memory while the other 8K can be dedicated to one 
or two 65K memory banks. Low power operation is jumper 
selectable for PROMs that have this option. 


RM65-3216E 16K PROM/ROM Module 


FEATURES 


e Compact size—about 4” x 6%" (100 mm x 160'mm) 
e Pin and socket bus connection 

e RM 65 Bus compatible 

e Buffered address, data and control lines 

e 


Supports the following PROMs/ROMs or equivaients: 
Intel 2716 or 2732 PROMs 

TI TMS 2516 or 2532 PROMs 

Rockwell R2316, R2332 or R2364 ROMs 


e Low-power PROM operation selectable by individual socket 
jumpers 


e Jumpers allow selection of 2K, 4K or 8K byte devices 


e Starting address selectabie for each of four 4K memory 
blocks 


e Separate switch allows 8K to be dedicated to one or two 
memory bank operation 


e +5V operation 
e Fully assembled, tested and warranted 


ORDERING INFORMATION 


RM65-3216E 16K PROM/ROM Module 


806 16K PROM/ROM Module User's Manual 
(included with RM65-3216E) 
















Document No. RMA65N02 


Data Sheet Order No. RMO02 
Rev. 2, June 1983 








AM65-3216E 


16K PROM/ROM Module 





FUNCTIONAL DESCRIPTION 
The PROM/ROM module has eight 24-pin sockets. which: can. 
accept up to t6K of either 2K, 4K, or 8K PROM. or ROM. ; 


The Data Buffers itivert and transfer 8-bits of parallel data from 
the selected PROM/ROM devices to the RM 65 Bus during read 
operations, 


The Control Butters invert and transfer phase 2 clock, and read/ 
write control signals from the RM 65 Bus onto. the PROM/ROM 
module, and drive the bus active signal onto the RM 65 Bus. 


The Bank Select control circuit detects when the PROM/ROM 
module’s assigned memory bank is addressed, by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
and Bank: Select Enable switches. The Bank Select Enable 
switch allows 8K of the PROM/ROM to be common memory 
(addressable in both Bank 0. and Bank 1) while the remaining 
-8K is assigned either to Bank 0 or Bank 1, as determined by the: 
Bank Select switch. 


Four Base Address Decoders aiiow. 4k PROM/ROM: sections 
to be independently addressed on-any 4K boundary: within: the 


. selected bank. When an address falls. within any séction (per 


the Base Address switches), an enable: ‘signal'is sent to the Chip 
Select Decoder. 


The Chip Select Decoder uses outputs from the Bank Select 
Control circuit, the Base Address Decoders, and the PROM/ 
ROM size jumpers as well as the address lines to generate chip 
selects to the PROM/ROM devices. The PROM/ROM type 
jumpers route the chip select lines to the correct pins on the 
PROM/ROM sockets. 


The Data Buffer Control circuit enables the Data Buffers during 
a tead operation when an address corresponding to a selected 
base address Is decoded and the selected PROM/ROM memory 
bank is addressed. 
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RM65-3216E | 16K PROM/ROM Module 


















AM 65 Bus Pin Assignments _ 


Signal Input/ ; ‘Signal Input/ 
Mnemonic Signal Name Output | Pin || Pin Mnemonic Signal Name Output 


ic +5V +5 Vde 
2c BA15/ Buffered Address Bit 15 I 











Ground 
Buffered Bank Address 


























































Ground 3c BA14/ Buffered Address Bit 14 t 
Bufferad Address Bit 13 4c | BA12/ Buffered Address Bit 12 

Buffered Address Bit 11 5c GND Ground 

Buffered Address Bit 10 6c BAQ/ Buffered Address Bit 9 I 
Buffered Address Bit 8 7¢ BA7/ Buffered Address Bit 7 | 
Ground 6c BAG/ Buffered Address Bit 6 | 
Buffered Address Bit 5 gc BA4 Buffered Address Bit 4 | 
Buffered Address Bit 3 10c GND Ground 

Buffered Address Bit 2 lic BA1/ Buffered Address Bit 1 l 
Buffered Address Bit 0 12 Bp *Buffered Phase 1 Clock 







Ground 13c BSYNC 


“Buffered Set Overflaw 


“Buffered Sync 
“Buffered DMA Request 1 


















































"Buffered Ready 15¢ GND Ground 

“User Spare 1 16c -12V/-V | *—12 Vde/—V 
+12V/+V "+12 Vde/+V 17c “User Spare 2 
GND Ground Line 18c BFLT/ *Buffered Bus Float 
BOMT/ “Buffered DMA Terminate 19¢ Bgo *Buffered External Phase 0 Clock 

_ “User Spare 3 20c GND Ground 

BRYW/ “Buffered Read/Write “Not” 21c BDRQ2/ *Buffered DMA Request 2 

“System Spare 22c BRW. Buffered Read/Write | 
GND Ground 23c BACT/ Buffered Bus Active re) 
BIRQ/ *Buffered Interrupt Request 24c BNMI/ “Buffered Non-Maskable Interrupt 
Bg2! *Buffered Phase 2 “Not” Clock 25c GND Ground 
Bg2 *Buffered Phase 2 Clock 26c¢ BRES/ "Buffered Reset 
BD7/ Buffered Data Bit 7 27¢ BD6/ Buffered Data Bit 6 re) 
GND Ground 28c BDS5/ Buffered Data Bit 5 ‘e) 
BD4/ Buffered Data Bit 4. 29c BD3/ Buffered Data Bit 3 (6) 
BD2/ Buffered Data Bit 2 30c GND Ground 
BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 @) 

Not Connected (See Note) Ze Not Connected (See Note) 
Note: 
“Not used on the 16K PROM/ROM madule. 
SPECIFICATIONS 
Parameter Value 


Dimensions (1, 2, 3) 
Width 3.9 in, (100 mm) 


Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 





5.0 oz. (140g) 





Environment 


0°C to 70°C 
—40°C to +85°C 
0% to 85% (without condensation) 


Operating Temperature 
Storage Temperature 
Relative Humidity 










Power Requirements 


wio PROM/ROM Devices +5 Vde £5% 0.17A (0.85W)—Typical 


0.27A (1.35W)—Maximum 


150 nanoseconds (a | 


AM 65 Bus Interface 
Edge Connector Version 72-pin edge connector (0.100 in. centers) 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 





Eurocard Version 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-3216E = | = 16K PROM/ROM Module 
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RM65-3264NE 
RM 65 Microcomputer Family 


ét | RM65-3264NE 


UNIVERSAL MEMORY MODULE 
Rockwell 





RM 65 MICROCOMPUTER MODULES FEATURES 
The RM65-3264NE Universal Memory Module (16K- 128K) is e In the high speed mode, supports Rockwell Design Center 
one of the hardware options available for the RM 65 Microcom- 4 MHz RAM operations 


puter Module Family. 


In the universal memory mode, supports 2K, 4K, 8K, and 16K 
byte-wide memory devices — 

RM 65 Microcomputer Modules are designed for OEM and end On-board header and shunt configure the module into a 2K 
user microcomputer applications when state-of-the-art perfor- to 128K memory space 

mance, compact size, modular design, and low cost are required. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL’/65, BASIC, and FORTH. Both BASIC ; 
and FORTH are available in ROM and can be incorporated into * On-board memory bank select switches assign each half of 
the user's system. the module to either one or both of two 64K memory banks 
On-board ROM select switches serve as write-protect switches 
RM 65 Modules plug into a motherboard designed to accept any for each half of the memory in universal memory mode 

card in any slot. The 64-line RM 65 Bus accommodates memory Rockwell RM 65 Bus compatible 

addressing up to 128K bytes, provides high immunity to elec- Compact size—100 mm x 167 mm (approximately 4 in, x 
trical noise, and includes growth provisions for user functions. 6.3 in.) 

A selection of card cages permit packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 or AIM 65/40 
Microcomputers for product development and for portable or 
desktop microcomputer applications. 


Each half (four device sockets) independently configurable in 
the universal memory mode 


e Operates from a single +5V power source 

« Fully assembled (except for user- supplied memory devices), 
tested and warranted 

Supports 16K of 2K devices, 32K of 4K devices, 64K of 8K 

devices, and 128K of 16K devices in universal memory mode 

Supports 64K of 8K devices in high speed mode (refer to 

Devices Supported for part numbers) 


OVERVIEW 


Two major capabilities are provided in the Universal Memory 
Module: the flexibility of using 2K, 4K, BK, or 16K memory 
devices on the module, and use of the memory in either a high- 
speed mode or a universal memory mode. Typical data-transfer 
rates are up to 4 MHz (to support the Rockwell. Design Genter 
(RDC) System) in the high speed mode and 1- to 2-MHz in the 
-universal Memory mode. Rates. are dependent both on memory 
devices used and.system configuration. Memory devices that 
can be used with the module are RAM’s, ROM’s, EPROM's, and 
EEPROM's, 





ORDERING INFORMATION 


; AM65-3264NE ‘Universal Memory Module 












RM65-3264NE Universal Memory Module 





Document No. RMA65N32 Data Sheet Order No. RM32 
_ August 1983 
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RM65-3264NE _ 


Universal Memory Module 





FUNCTIONAL DESCRIPTION 


Data Bus Transceivers buffer and invert data signals BDO/ 
through BD7/. Data signals from the RM 65 Bus pass through 
the bidirectional transceivers into the module during a write 
operation and out from the module through the transceivers to 
the RM 65 Bus during a read operation. Data in is inverted for 
use in the module, and data out (from the module) is inverted 
for use on the RM 65 Bus. Transfers occur when any of the chip- 
select signals and the #2 clock pulse are in the active states 
concurrently. Direction of data flow either into or out of the 
module is controlled by the R/W signal state. 


Address and Control Buffer logic consists of inverters that buffer 
address signals BAO/ through BA13/ and the read/write signal 
BR/W/. These signals are converted to positive signals BAO 
through BA13 and BRY/W for use within the module. 


Bank Address Select logic is controlled by the state of the 
BADR’ signal, which functions as a seventeenth address bit. The 
State of the BADR’ signal indicates which of the two 65K memory 
banks is addressed. In the high speed. memory mode, the 
module can be configured to operate in either one or both 65K 
memory banks. In the universal memory mode, each half of the 
memory is configurable to either one or both 65K memory 
banks. 


Module Active logic is enabled ahenee any chip-select signal is 
enabled. Thus, when any memory device in either Memory A 
or Memory B is enabled by a chip-select signal, the BACT/, or 
Module Active, signal is in the active state. 


Address signals BA13/, BAI 4/, and BAI 5/, in conjunction with 
BO, are decoded by a 3:8 decoder to enable one of eight pos- 
sible outputs. Each output signal in a low state indicates an 8K 
address boundary signal. Thus, the 8K address boundaries. are 
$0000, $2000, $4000, . .. $E000. Each of these signals is used 
as a memory chip- -select signal during operation of the memory 
in the high-speed mode and as a 2K, 4K, 8K; and 16K decoder 
enabling signal in the universal memory mode. , 


By connecting a pin on the Address Header to a specific output 

(chip select) pin from the 8K Decoder, that 8K address boundary 
. Signal is connected to one- specific memory device (in .one of the 

eight memory device sockets) only in high speed mode. : 


The module can. be used either.as a high speed memory or as 
a universal memory. The removable 16-pin 8-position shunt is 
placed: either in the High Speed Option Shunt socket for high 
speed memory operation, or in the Universal Memory Option 
' ‘Shunt socket for universal memory operation. In the high speed 
mode, Memory A Decoder and Memory B Decoder are not 
used, and the address: (chip-select) signal from the Address 
Header is applied directly to the applicable Memory A or Memory 
B devices. As a result, decoding time is saved. 


Memory A consists of 2K, 4K, 8K, or 16K memory devices 
installed in the four sockets: ‘assigned ‘as Memory A. Memory B 
also consists of memory devices located in-four- sockets des- 
ignated as Memory B. Thus, the capacity of Memory A or 
Memory B is dependent on the capacity of the memory devices 

installed in each socket. Each of the two groups of four sockets 
can be configured with jumpers to accept one of the four types 
(2K, 4K, 8K, or 16K) of memory devices. Each memory device 
in the memory sockets in Memory A or Memory B must have 
the same capacity. 


Device Select A consists of jumpers E3,. E4, and E7 through 
E10 determine the particular type:memory device (2K, 4K, 8K, 


-or 16K} installed in the Memory A sockets. Similarly, Device 


Select B jumpers E5, E6, and E11 through E14 determine 
memory device types in Memory B. 


Memory A Decoder is a programmable array lagic (PAL) device 

internally configured to decode a combination of input signals 
and generate one output (chip-select) signal. Memory Decoders. 
A and B are: used only: when the module is‘being operated in 


the universal memory mode. Both decoders aperate In the 


same manner, but only one is used at a time. Thus, when 


Memory A is addressed, Memory Decoder A is used, and 


Memory Decoder B when Memory B.is addressed. 


DEVICES SUPPORTED 


In the universal memory mode, the fonow nig. is a partial list of 
devices supported: 


16K of the following 2K devices: | 


R2316 ROM-Rockwell 
2716. EPROM- intel 
2516 EPROM: TI. 
2016 RAM-Toshiba 
5516 RAM-Toshiba 
6116 RAM-Hitachi 
R5213/2816 EEPROM-Rockwell 
X2816 ’ EEROM-XICOR 
32K of the following 4K devices: 
R2332 ROM-Rockwell 
2732A ROM-Intel. - 
2532 (350ns) ROMTI. 


64K of the following 8K devices: 
R2364A, R2364B.” “ROM Rockwel 


68A764 E PROM-Motorola. - 
68766. _, EPROM-Motorola 
2764 ; EPROM- Intel 
5564 BAM lost, : 
6264 . RAM-Hitachi 
8464 RAM- “Fujitsu: 

128K of the following 16K devices: 
R23128 ~ ROM- Rockwell 
27128 - EPROM- intel 


In the high speed: mode; Ne following is a partial list of devices 
supported: 


64K of the following 8K devices: 


R2364A, A2364B RONM-Rockwell 


68A764 EPROM-Motorola 
68766 EPROM-Motorola 
2764 EPROMN-Intel 
5564 RAM-Toshiba 
6264 RAN-Hitachi 
8464 RAM-Fujitsu 
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Bottom (Solder Side) ’ Top iCoraponeet Side) 


Universal Memory Module 


RM 65 Bus Pin n Assignments 


Signal Signal 
Mnemonic Signal Name Mnemonic Signal Name 


GND 
BADR’ 
GND 
BAIY/ 
BA11/ 
BA10/ 
BAS/ 
GND 
BAS/ 
BAQ/ 
BA2/ 
BAO/ 
‘GND 
BSO 
BRDY 


412V/+V 


GND 
BDMT/ 


Note: “Not used on this module 


Ground +5V 
Buffered Bank Address ba BA15/ 
Ground “Sc. -BA14/" 
Buffered Address Bit 13 BA12/ 
Buffered Address Bit 11 GND 
Buffered Address Bit 10 BAQ/ 
Buffered Address Bit 8 ‘To BA7/ 
Ground OV. BA6/ 
Buffered Address Bit 5 AL. BA4/ 
Buffered Address Bit 3 : GND 
Buffered Address Bit 2 BAI/ 
Buffered Address Bit 0 qI Be 
Ground BSYNC 

"Buffered Set Overflow BDRQ1/ 

“Buffered Ready [ 

“User Spare. 1 

*+42 Vdc/+V 

Ground Line : 

“Buffered DMA Terminate 


- “User Spare 3 


Buffered Read/Write “Not” 
"System Spare 
Ground 
“Buffered Interrupt Request ” 
Buffered Phase 2 “Not” Clock. : 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 


'” Buffered Data Bit 4 


Buffered Data Bit 2 
Buffered Data Bit t 
+5 Vde 


DATA BUS 


8A13/ BA14/ BA15/ 


ADORESS. 
HEADER 


’ ADDRESS 


AND : MEMORY A 
CONTROL 
BUFFER 


DECODER 


; UNIVERSAL 
MEMORY 
OPTION 
SHUNT 


BANK 
ADDRESS 
SELECT 


MEMORY B 
DECODER - 





Universal Memory Module Block. Diagram 
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+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Butfered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
“Buffered Phase 1 Clock 
*Butfered Sync 
*Buffered DMA Request 1. 


’ Ground 


*-12 Vde/-V 
“User Spare 2 

*Buftered Bus.Float 

*Bufiered External Phase 0 Clock 


- Ground 


"Buffered DMA Request 2 
“Buffered Read/Write 
Buffered Bus Active 
“Buffered Non-Maskable Interrupt 
Ground 


“Buffered Reset 


Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 


DEVICE 
SELECT A 





MEMORY 
8. 


OEVICE 
SELECT B 





RM65-3264NE Universal Memory Module 
SPECIFICATIONS 


Dimensions") 
Width 100 mm (3.94 in.) 
Length 160 mm (6.3-in.) 
Height 14 mm (0.56 in.) 


Environment " : 
Operating Temperature o°c to 70°C. 
Storage Temperature -40°C to 85°C 
Relative Humidity ; 0% to 85% (without condensation). 


Power Requirements _ : . 5.0V (420 ma. typical, 640 ma. maximum with no memory devices installed) 


Connector |: 2 pall 
RM 65 Bus Gohinector: Pt 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) —mates 
; with Burndy P196B32ROOA00L-9 or equivalent. ; 





Notes: 

1. Height includes the maximum. values for component height above the board surface (0. 4.in. for populated eaves) printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Diménsions conform to DIN 41612. 


ilies gp] MATING . 
- (6.6.IN.) MOTHERBOARD .. 


ae . | AND RECEPTACLE ‘EUROCARD CONNECTOR 
LENGTH————w> : COMPONENT AREA 


eee 


A a ee et ee 


| ¢ 


EUROCONNECTOR > | | 
- EXTENSION 


Module Dimensions 
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Rockwell 


-RM65-5101E 
RM 65 ashcadl al Family 


| RM65-5101E 
RM 65 FLOPPY DISK CONTROLLER 
(FDC) MODULE 





RM 65 MICROCOMPUTER MODULES 


The RM65-5101E Floppy Disk Controller Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. , 


AM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 Floppy Disk Controller (FDC) Module controls up to 
four standard (8”) or mini- (5%") floppy disk drives, single or 
double sided, soft sectored with either single density (FM) or 
double density (MFM) format. Software contro! of media density 


allows single or double density disks ta be used in any con- 


nected drives. 


Two DIP headers configure. the FDC. to interface with either. 


standard or mini-floppy disk drives. An on-board j jumper selects 
single or double sided drives and a switch disables on-board 
ROM. The FOC directly interfaces to most popular:drives with 
only switch and/or header changes. Bank Select and Bank 
Select Enable switches allow the FDC module to be dedicated 
to one of two 65K memory banks or assigned common to both 
‘banks. The FDC module /O can be assigned to any page (256 
bytes) pel a standard PROM if the AON is deselected. 





RM65-5101E Floppy Disk Controller (FDC) Module © 





FEATURES 


Compact size—about 4” x 6Y4" (100 mm x 160 mm) 
Pin and socket bus connection 

RM 65 Bus :compatible 

Buffered address, data and.control lines 


Supports single or double sided, standard or mini-floppy disk 
drives 


Controls up to four disk drives 


e Interfaces directly to Shugart SA-850 or SA-450 disk drives, 
with user options for other popular floppy disk drives 
Supports single-density IBM 3740 (FM) or double-density 
IBM System 34 (MFM) formats 
DMA data transfer capability 
Supports interrupt- -driven or polled operation 
Bipolar PROM Base Address decoding 

- Switches or jumpers for 
— Bank Selection to one or two banks 
—Double or Single sided operation 
— Select or deselect ROM |: 

—Module disable . . 
On-board header configures VO. for 8” or 5%" drive interface 
Fully assembled, tested. and warranted 


ORDERING INFORMATION 


Part No. 3 ‘ Description 


RM65-5101E ‘Floppy Disk Controller (FOC) Module with 
on-board ROM* 
Floppy Disk Controller (FDC) Module 
Sas without on-board ROM 
; -A6S-090 _ AIM 65 DOS 1.0 ROM” 

A65/40-7090 AIM 65/40 DOS 1.0 ROM" 


- Description. 


FOC Module User's Manual (included with .-| 
_ AM65- 5101E, RM65-5101NE, A85-090 and 
A65/40-7090) 


’*RIOM contains FDC module primitive subroutines only. 
‘.**ROM contains. FDC module primitive subroutines and operator 
selectable file management functions intagrated with host com- 
puter VO functions. 


_ AM65-5101NE 


[order na | 


Document No. RMA65N15 


Data Sheet Order No. RM15 
Rev. 2, June 1983 








RM65- 5101E 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the FDC module and the RM 65 bus, based on control 
signals from the Base Address Decoder and the Control Buffers. 
The read/write control line determines the direction, while the 
bus active enables the Data Transceivers. 


The Address Buffers invert and transfer 12 of the 16 parallel 
address lines from the RM 65 bus to the Base Addrass Decoder, 
the Program ROM and the Floppy Disk Controller (FDC) device. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when the.. module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank ‘Select Enable switch assigns 
the module to be active in common memory (both Bank 0 and 
Bank 1) or only in the Bank set by the Bank Select switch ie 
Bank 0 or Bank 1). © ; 


The Interrupt and DMA Control circuit enables operation in 
either an interrupt driven mode or under DMA control. Both 
Interrupt generation and DMA requests can be disabled under 
program control. The DMA request is jumper selectable for 
either of two DMA request lines connected to the AM Es bus, 


The Base Address Decoder, with the Base Address Select 
PROM, the Bank Select Control circuit, the ROM Disable. switch, 
and the phase 2 and read/write signals control device selection 
on the module. The Base Address Select PROM compares the 
eight most significant address lineS to the programmed 
addresses to generate device select signals to the Program 
ROM and the I/O devices. The ROM Disable switch assigns the 
module to be active either in a 256 byte page (disabled) or in 
a 4K byte block (enabled). A separate Module Disable switch 
allows the entire module to be disabled. 


When the ROM is disabled, only the I/O devices are. active, in 
the 256 byte page that matches all eight Base Address Select 
bits. For the '/O devices, the three least significant address 
lines, along with the. phase 2 clock and read/write control sig- 
nals, drive register select lines to the FDC device, and device 
select lines to the Drive Status Buffer and Drive Control Register. 


When the ROM is enabled, the module is active in the 4K byte 
block that matches the four most significant Base Address 
select bits. The program ROM Its selected except when the 
‘address matches the four least significant Base Address Select 
bits, in which case the //O device select lines are selected. 


The Controller Clock derives.a reference frequency for the FDC 
device from a crystal! controlled oscillator. The frequency is 1 
MHz or 2 MHz, depending on the Drive Configuration Header 
position. 


The FDC device, in conjunction with the Data Separator and 
Precompensation Circuitry, interfaces the RM 65 bus to the 
Floppy Disk medium. The circuitry supports 5%” or 8”, single 
or double sided disk drives, with choice of single or double den- 
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sity, soft sector formats. The FDC features powerful commands, . 
including single or multiple record’ read/write with seléctable | 
record lengths. Write precompensation circuitry ensures reliable’ 
data recovery in double density formats. The Precompensation © 
jumper selects precompensation on all tracks, only on tracks 44 - 
and greater, or no precompensatiori at’ all. 


The Drive Configuration header selects the /O-connector and. 
FDC circuitry for either 5%” mini-floppy or 8” standard floppy 
disk formats. The 50-pin I/O receptacle connécts the FDC module 
to a mass terminated cable connected to the installed disk 
drives. A 34-pin cable and. mating connector can be used to 
connect the 5%” mini-floppy drives while a 50-pin cable and. 
mating connector is needed to connect to the 8” floppy drives. 


The Drive Status.Buffer allows detection of the. Drive Configu- 
ration header and Single/Double Sided Drive jumper positions, 
as well as selected density and side information. 


The Drive Control Register provides control of the side and drive. 
selection, motor on, head load, double density, and interrupt 
disable. The Active Side 0 Level jumper allows the use of var- 
ious drives without modification. 


The Ready State Generator provides wait states as required by 
the FDC device. 


The Program ROM contains primitive subroutines to support 
operations with up to four disk drives (single or double side, 
single or double density), including: 


Format a Disk 

Read or Write a Sector 

Seek or Verify Seek of 
a Track 

Restore the Head 


Read or Write Multiple 
Sectors 

Read or Write a Track 

Turn Motors On. or Off 

Select or De-select any Drive 


A user-provided program may call these subroutines to build an 
application dependent file-handling system. 


OPTIONAL DISK OPERATING SYSTEM 
(DOS) FIRMWARE 


Two optional ROMs are available that integrate the: FDC prim- 
itive subroutines with operator selectable file management func- 
tions for operation on the AIM 65 and AIM 65/40 microcomputers. 
Either of these ROMs may be installed into the PROM/ROM 
socket on the FDC module to provide a firmware based Disk 
Operating System (DOS). 


This version 1.0 ROM-based: systern offers the same conve- 
nience as the other AIM 65 and AIM 65/40 firmware in that it 
is immediately available for use through the Debug Monitor/Text 
Editor upon power turn-on. Mass storage operation may, there- 
fore, proceed without waiting for loading of the DOS into RAM. 


Text and program source code may be written to, and read from, 
disk with the Editor LIST (L) and READ (R) commands, respec- 
tively. Similarly, binary data and program object code may be 
written to, and loaded from, disk using the Monitor DUMP (D) 
and LOAD (L) commands, respectively. AIM 65 and AIM 65/40 


RM65-5101E. 





Assembler and PL/65 files, both source and object code, are 


therefore supported. AIM 65 and AIM.65/40: BASIC programs: - 


may also be saved on, and loaded from disk. 
The primary DOS commands are: 
Delete a File Name 


Recover a File Name 
Backup a Disk 


Format a Disk 
List the Directory 
Lista File 


Files are created automatically upon writing a file to disk. A file 
name (up to 10 characters in length) and the disk drive number 
(from 1 to 8) are operator entered in response to system prompts. 
(Double-sided drives are treated as two ‘separate ‘sides. ) 


Floppy Disk Controller (FDC) Module 


The disk format function initializes a disk depending upon size, 
density ahd drive number. 5%” and 8” disks are initialized to 35 
and 77 tracks, respectively, however these values are user- 
alterable. 


The contents of a file may be listed to another peripheral, 
including a file on another disk drive to allow copying of a file. 
All the active files on a disk may be copied to another disk using 
the backup function. 


A file may be deleted (if active) to prevent it from being accessed 
or recovered.(if deleted) to allow it to be accessed. 





FM 65 
@US CONNECTOR 


DATA : 
ae TRANSCEIVERS 





DATA 


BUS ACTIVE 


ADDRESS 


PROGRAM 
= =e 


aponess asl 


SELECT 
PROM 


BAGE 
; ADDAESS 


OFCODER 


TIMING 


“CONTAOL 
BUFFERS - 


BANK 
SELECT 
CONTROL 


AND | 
- CONTROL 


GANK SELECT 
BANK SWITCH , 
ADDAESS . 


BANK SELECT 
JENAQLE | 


INTERRUPT 


DMA. REQUESTS. 






- INTERRUPT 
AND 


DMA. 
CONTROL 


; READY 
AEADY 


STATE | 
GENERATOR 


i) 
_ CONNECTOR 


50 PINS 
(STANDARD : 


| PRECOMPENSATION 
FLOPPY) 


JUMPER 


SINGLE /DOUBLE 
| SIDED DRIVE 


34 PINS. 
(MINI. 
FLOPPY) 


DRIVE | 
CONTROL 
REGISTER e 


CONTROLLER 
clock 





Floppy Disk Controller Module Block Diagram. 
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RM65-5101E: | | Floppy Disk Controtler (FDC) Module 


RM 65 Bus Pin Assignments 





~ Bottom (Solder Side) fos iCamponent Side) 


Signal Signal 
Pin Mnemonic Signal Name Mnemonic Signal Name 









































































































GND Ground +5 Vde 
.BADAY Buffered Bank Address Buffered Address Bit 15 
GND Ground Buffered Address Bit 14 
BA13/ Buffered Address Bit 13... Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 Ground ; 
BA10/ Buffered Address Bit 10 Buffered Address Bit 9 © 
BA8/ Buffered Address Bit 8 Buffered Address Bit 7 
GND Ground: ; Buffered Address Bit 6 
‘BAS/ Buffered Address Bit 5 Buffered Address Bit 4 
BA/ Buffered Address Bit 3 Ground 
BA2/ Buffered Address Bit 2 Buffered Address Bit 1 
BAO/ Buffered Address Bit 0 "Buttered Phase 1 Clock 
GND Ground “Buffered Sync 
BSO “Buffered Set Overflow Buffered DMA Request 1 
BRDY Buffered Ready Ground 

“User Spare 1 *—12 Vde/—V 
+12V/+V +12 Vdc *User Spare 2 
GND Ground Line “Buffered Bus Float 


_ BDMT/ - “Buffered OMA Terminate 
“User Spare 3 
Buffered Read/Write ‘ “Not” 
*System Spare. 
Ground — 
Bulfered Interrupt Request 
Butfered Phase 2 “Not” Clock 


*Buffered External Phase 0 Clock 
Ground 
Buffered DMA Request 2 

“Buffered Read/Write « 

Buffered Bus Active 

* Buffered. Non-Maskable Interrupt 

Ground 















*Butfered Phase 2 Clock Buffered Reset . 
Buffered Data Bit 7 BD6/ Buffered Data Bit 6 
Ground BD5/ , Buffered Data Bit 5 
Buffered Data Bit 4 BD3/ Buffered Data Bit 3 
Buffered Data Bit 2 GND Ground 
Buffered Data Bit 1 8D0/ Buffered Data Bit 0 
+5 Vde GND Ground 





Note: , 
*Not used on this module. ; 
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0 Connector Pin Assignments 





isk Controller (FDC) Module 


Mini-Ftoppy Disk Drive 





FDC Module Standard Floppy Disk Drive 
VO Connector Interface Cable Connector __ Interface Cable Connector (2) 
Pin Pin Signal Name ‘Pin 





Track > 43 (Remex & MFE or equivalents) 


Signal Name 


N.C. 
N.C. 


Track > 43 (Caldisk or equivalents) 


N.C. 

N.C. 

2nd Side Select 
N.C. 

Head Load 
‘Index 

Drive Ready 
N.C. 

Drive Select #1 
Drive Seleet #2 
Drive Sel@@t #3 
Drive Select #4 
Direction in 
‘Step Pulse 
Write Data 
‘Write Gate 
Track Zero 
Write Protected 
Read Data 
N.C. 

N.C. 


N.C. 

N.C. 

Drive Select #4 
Index 

Drive Select #1 
Drive Select #2 
Drive Select #3. 
Motor:On 
Direction In 
Step Pulse 
Write Data 
Write Gate 
Track Zero 
Write Protected: 
Read Data 

2nd Side Select 
‘N.C... 





Notes: 
1. All odd numbered pins are GND. 
2. Pin 1 of the 34-pin mini-floppy disk drive intarface cable connector should be keyed to pin 17 of the FDC module I/O connector. 





6.8 IN. : MATING 
(172 MM) MOTHERBOARD 
AND RECEPTACLE 


LENGTH 


WIDTH 





EXTENSION 


EUROCARD CONNECTOR 






COMPONENT AREA 


5 tes Ne 






HEIGHT = = 


Floppy Disk Controller Module Dimensions 
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RM65-5101E | | Floppy Disk Controller (FDC) Module 


SPECIFICATIONS 
-Parameter Value 
Dimensions (1, 2, 3) . 
Width 3.9 in. (100 mm) 
Length 6.3 in, (160 mm) 
Height 0.56 in. (14 mm) 





Weight ; 5.2 oz. (145 g) 


Environment : 
’ Operating Temperature 0°C to 70°C 
Storage Temperature —40°C to +85°C 


Retative Humidity 0% to 85% (Without condensation) 


Power Requirements | +5 Vdc +5% @ 600 mA—Typical 
900 mA—Maximum 
+12 Vde +5% @ 60 mA—Typical 
100 mA—Maximum 











Interfaces ? 
AM 65: Bus Interface 64-pin plug (0.400 in. centers) per DIN 41612 (Row b not instailed) 
VO Connector 50-pin mass terminated connector (0.100 in. centers) 
Mates with (&B/Ansley Part No. 609-5001M or equivalent 
Notes: a 


1. Height includes the maximum values for component height above the board surface {0.4 in. for populated modules), printed circuit board 
thickness (0,062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length:does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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ON 


Rockwell 


RM65-5102E 
RM 65 Microcomputer Family 


RM65-5102E 


RM 65 CRT CONTROLLER (CRTC) MODULE 





RM 65 MICROCOMPUTER MODULES 


The RM65-5102E CRT Controller Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. , 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
‘Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RAM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 65/ 
40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The CRT Controller (CRTC) Module interfaces the RM 65 to a 
CRT monitor or television receiver. The CRTC module outputs 
HSYNC, VSYNC, and raw video signals for direct connection 
to a CRT Monitor, and composite video for connection to a CRT 
monitor or to a TV receiver through an AF modulator. A sock- 
eted on-board ROM generates 5 x 7 characters with two des- 
cenders in a7 x 10 dot matrix field to provide upper and lower 
case alphanumerics and special symbols. The 2K bytes of on- 
board display RAM are memory-mapped. 


A 2K-byte program ROM provides firmware to configure the 
display format for 80 columns by 25 rows or 40 columns by 16 
rows, scan rate of 50 or 60 Hz, and a CRT display driver for 
AIM 65. There are also cursor control, screen editing, and utility 
‘routines. 


ORDERING INFORMATION 


Part No. Description 


RM65-5102E | CRT Controller (CRTC) Module 


CRT Controller (CRTC) Module User's 
Manual (included with RM65-5102E) 











FEATURES 


Compact size—about 4” x 614” (100 mm x 160 mm) 
RM 65 bus compatible . 
e 4K Byte character generator ROM with: 
—-Upper and lower case alphabetics 
— Special! characters 
—Numbers including subscripts and superscripts 
—Math symbols — 
— Semi-graphics 
On-board ROM firmware supports: 
—Scrolling 
— Screen editing 
— Full cursor movement control 
—Full screen standard or inverse video 
— Predefined formats for 
80 column by 25 row (50/60 Hz) 
72 column by 22 row.(50/60 Hz) 
( 
( 


40 column by 25 row (60 Hz) 
40 column by 16 row (60 Hz) 


— Selectable format from 1 to 80 columns by 1 to 25 rows 


—NTSC (60 Hz, 525 lines per frame) and European (50 Hz, 
625 lines per frame) raster format 


—CRT display driver for AIM 65 
Single 5 volt operation 
e Fully assembled, tested and warranted 





RM65-5102E CRT Controller (CRTC) Module 





Document No. RMA65N14 


Data Sheet Order No. RM14 


Rev. 1, June 1983 
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FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8 bits of parallel data 
between the CRTC Module and the RM 65 bus,.based on con- 
trol signals from the Base Address Decoder and the Control 
Buffers. The read/write contro! line determines the direction, 
while the bus active enables the Data Transceivers. 


The Address Buffers invert and transfer the 16-bit paralle! 
address lines from the RM 65 bus to the Base Address Decoders, 
the R2316 ROM, the CRT Controller (CRTC) device, and to the 
Refresh RAM device. 


The Control Buffers invert and transfer the phase 2 clock and 
read/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when the module’s 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The Base Address Decoder, with the Base Address Select 
switches, the Bank Select Control circuit, the ROM Disable 
Switch and the read/write and phase 2 clock signals, generates 
device selects for the on-board ROM, RAM, and I/O (CRTC 
device and Display Enable Status Buffer). The Base Address 
Select switches allow the module to be selected to any 4K block. 
Within the selected 4K block, the RAM is assigned to the lower 
8 pages (2K bytes), and the I/O to the first 256 byte page of the 
upper 2K bytes. When the ROM is disabled, only the RAM and 
I/O can be selected and the module is assigned 9 pages (2304 
bytes) in memory. When the ROM is enabled, the module is 
assigned the full 4K bytes, with 7 pages for ROM, in addition 
to the RAM and I/O. 


The Controller Clock uses a crystal-controlled oscillator to derive 
a 6 MHz or 12 MHz reference for the shift register dot clock 
depending on the Dot Clock Select jumper position. With the 6 
MHz clock, up to 40 characters per line can-be displayed on any 
monitor or standard television using an AF modulator. Up to 80 
characters per line can be achieved with the 12 MHz clock and 
a high bandwidth monitor. The dot clock is divided by seven to 
provide a CharacterClock for the CRTC device and a load char- 
acter signal for the shift register. 


The Refresh RAM provides 2K bytes of display memory, for 
screen densities of up to 25 lines with-as many as 80 characters 
each. The RAM is directly mapped into the RM 65 memory map, 





CRT Controller (CRTC) Module 





so the display can be updated by a block memory move or 
under DMA control. The Refresh RAM Multiplexer .and RAM 
Transceiver allow the RM 65 bus and the CRTC device to both 
access the Refresh RAM, with the RM 65 bus having priority 
when any conflict occurs. 


The Display Enable Status Buffer allows the RM 65 bus to mon- 
itor the active display times, so that display memory transfers 
can be made with no visible distortion. 


The Character Generator ROM holds the fonts for the character 
set. These fonts are stored as 256 characters, each with 10 
seven-bit rows. The four CRTC device row address lines and 
the eight Character Latch bits, which hold the character being 
refreshed, create an address for the character generator ROM. 
The output data of the ROM, which is seven parallel bits, rep- 
resents the display pattern. The Shift Register takes this data 
and forms the serial video data. The Video Summer combines 
and buffers the serial video data with CRTC device timing sig- 
nals to form a composite video output and a separate video, 
horizontal sync, and vertical sync. 


The Program ROM contains the firmware for an intelligent CRT 
driver, in addition to. utilities to aid in custom CRT display 
application software. There are six predefined screen formats, 
including 25 lines of 80 characters (50 or 60 Hz), 22 lines of 72 
characters (50 or 60 Hz), 25 lines of 40 characters (50 Hz), and 
16 lines of 40 characters (60 Hz). For other formats, any dimen- 
sions from 1 to 25 tines of from 1 to 80 characters can be 
defined (50 or 60 Hz). Full screen inverse video and 256 display 
characters allow flexible display capabilities. 


The intelligent display driver controls all screen updating and 
cursor movement for the selected screen format. The cursor can 
be on, off, or blinking with movements including up, down, left, 
right, home, and carriage return, as well as to any row and 
column position. There. are many commands to facilitate screen 
editing, such as: 


Insert character or line 

Delete character.or line 

Clear to end of line 

Clear to end of screen 

Clear line or screen 

Set or Clear special character mode 


The firmware utilities are useful for special applications. There 
is also a display driver which replaces the AIM 65 on-board dis- 
play with a CRT monitor and an AIM 65 Assembler listing refor- 
matter which takes advantage of the langer display lines, — 
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RM 65 CRTC Control Commands | 


Hex. 
Code 
: 10 


Character Description Character 


* 


Clear Line 

Clear to End of Line 
Clear Screen 

Clear to End of Screen 
Clear Screen 

Clear to End of Screen 


Backspace («) 

Horizontal Tab +} 

Line Feed (})- 

Vertical Tab ( $) 

Form Feed (Clear Screen) 
Carriage Return (Home on Line) 
Home on Screen 

Home on Screen 


"These characters have no effect. 
(1) There are two escape sequences as follows: 


Hex Code ‘Character Sequence Function 


1B 3D YY XX ESC = y x 


Description 
Pass Through Next Character 


Py 


Toggle Insert Character Mode 
Delete One Character 
Insert One Line 


Delete One Line 


Display Cursor 
Blank Cursor 
Retink AIM 65 Display 


Escape Character (ESC) (1) 
Blinking Cursor 

Enter Normal Characters 
Perform Self Test 

Reverse Video 


Move the cursor to the row y and column x position, with row y between top ($00) and bottom 


($19), and column x between leftmost ($00) and rightmost ($4F). 


1B 47 Enter Graphics Character Mode 


REFAESH 
RAM - 
aa TRANGCEIVERG 
REFRESH | 
RAM 
ele MULTIPLEXER 


ESC G 


AM 65 BUS 





















DATA 
fs Meee ey 


DATA 


BUS ACTIVE 


oe 


ADORESS oe 












aes CONTROL 
aerae BUFFERS 
BANK SELECT 
ENABLE SWITCH]. 
ADDRESS SELECT BASE ADDAESS 






CONTROL 












SELECT 


SWITCHES CONTROLLER 


DEVICE 


BANK SELECT 
SWITCH 


ENABLE 
- STATUS 
BUFFER 


DOT clock CONTROLLER 
SELECT cote 
JUMPER 


CRT Controller Module Block Diagram 
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Bottom (Solder Side) © 


Signal ' 
Mnemonic 


GND 
BADR/ 
-GND 
BA13/ 
BA11/ 
BA10/ 
BAS... 
GND 
BAS/ 
BAS/ 
BA2/ 


Signal. Name 


Ground 
Buffered Sarik Address 


* Ground is 
' Buffered Address Bit 13 


Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8. 
Ground , 

’ Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 


CRT Controller (CRTC).Module 


_ RM 65 Bus Pin Assignments 


- ‘Signal 
Mnemonic 


Top (Component Side). 


Signal Name 
+5 Vde , 


Buffered Address Bit 15 
Buffered Address Bit 14 


- Buffered Address Bit 12 


Ground 


Buffered Address Bit 9 


Buffered Address Bit 7 
Buffered Address Bit 6 


“Buffered Address Bit 4 


Ground 


" Buffered Address Bit 1 


Buffsred Address Bit 0- 
Ground 
“Buffered Set Overflow 
“Buffered Ready 
’ *User Spare 1 
"+12 Vde/+V 
Ground Line 
*Buffered DMA Terminate 
“User Spare 3 
“Buffered Read/Write “Not” 
"System Spare 
Ground | 
* Buttered Interrupt-Request: 
Buffered Phase 2 “Not” Clock 
Buffered Phase 2 Clock ~ 
Buffered Data Bit 7 
Ground. 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 


BAO/ 
GND 
BSO- 
BRDY 


:'*Buftered Phase 1 Clock 
“Buffered Sync 
“Buffered DMA Request 1 
Ground 
*-12 Vde/-V... 
' *User Spare 2 
“Buffered Bus Float 
“Buffered External Phase 0 Clock 
., Ground. 
*Butfered DMA Request 2° 
Buffered Read/Write - 
Buffered Bus Active 
-.*Buffered Non-Maskable Interrupt 
Ground : 
Buffered Reset. 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered. Data Bit 0 
Ground 


+12V/+V 
GND . 
BDMT/ 


Note: 
“Not used on this module. 
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Module Dimensions 
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RM65-5102E tt | CRT Controller (CRTC) Module 
SPECIFICATIONS 


Parameter 





Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (t4 mm) 


Environment 
Operating Temperature 0°C to 70°C 
Storage Temperature —40°C to +85°C 
Relative Humidity og . 0% to 85% (without condensation) 


Power Requirements ye +5 Vde +5%, 0.94 A (4.7 W)—Typical 
1.30 A (6.8 W)—Maximum 


interface 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row 5b not installed) 


VO Connector 
. Composite Video Mini-coax connector (50 ohm SMC type) 
Mates to Sealectro Part No. 050-024-0000-220 or equivalent 


Raw Video and Sync 6-pin connector 
: Mates to AMP No. 87159-6 or equivatent 








Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed.circuit board 
thickness (0.062 in), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 
_3. Dimensions conform to DIN 41612. - 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-5104E Direct Memory Access Controller (DMAC) 
Module is one of the hardware options available for the RM 65 
Microcomputer Module family. 






RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications when state-of-the-art 
performance, compact size, modular design, and low cost are 
required. Software for RM 65 systems can be developed in 
R6500 Assembly Language, PL/65, BASIC, and Forth. Both 
BASIC and Forth are available in ROM and can be incorporated 
into the user's system. 


RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted into any slot. The 64-line RM 
65 Bus permits memory addressing up to 128K bytes, provides 
high immunity to electrical noise, and contains growth provi- 
sions for user functions. A selection of card cages allows pack- 
aging flexibility. RM 65.products may also be used with Rockwell 
AIM 65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desk-top microcomputer 
applications. 


PRODUCT OVERVIEW 


The RM65-5104E DMAC Module performs high speed data 
transfers between memory and/or /O devices connected to the 
RM 65 Bus, The data transfer rate when controlled by the DMAG 
Module hardware is typically four times faster than the data 
transfer rate achieved by CPU software. Thus by using the 
DMAC Module, substantial time is saved when transferring large 
blocks of data. 


After a DMA transfer is initiated by the CPU module, the DMAC 
Module takes control of the RM 65 Bus and independently com- 
pletes the data transfers. Operation of the DMAC ‘Module can 
be controlled by an AIM 65, an AIM 65/40 SBC Moduie, or any 
other CPU module connected to the RM 65 Bus. During the 
DMA data transfers, the RM 65 SBC, AIM 65, or AIM 65/40 can 
continue operations on its internal buses. 


The DMAC Module is especially effective in the rapid transfer 
of data between either 5%-inch or 8-inch floppy disks controlled 
by either the FDC Module (RM65-5101E) or the RM 65 IEEE- 
488 Module (RM65-7102E) and other memory or I/O modules 
connected to the RM 65 Bus. 





RM65-5104E | 
RM 65 DIRECT MEMORY ACCESS 
CONTROLLER MODULE 


RM65-5104E 
RM 65 Microcomputer Family 






FEATURES 

e Rockwell RM 65 Bus compatible 

e Compact size—100 mm x 160 mm (approximately 4 in. x 
6.25 in.) ; 

e Executes memory-to-memory, VO-to-VO, memory-to-/O, and 

/O-to-memory transfers 

DMA data transfers can be either within the same bank or 

beween banks 


Memory address counters can either be incremented or 
decremented 


Interleaved, cycle steal, and burst modes 

Processor-hold and processor-run operations 

Two DMA request channels 

DMA interrupt selectable either to the Non-Maskable Interrupt 

or the Interrupt Request (BIRQ) line 

e 500K bytes per second maximum transfer rate 

e DMA termination signal to abort any DMA transfer operation 
in progress 

e Supports RM 65 FDC 8-inch double-density operation 

e Programmable Byte Counter for up to 65K-byte transfers 

e Bank switches to assign (/O addresses to either one or two 

65K memory banks 

VO Base Address switch selectable to a page boundary 

@ Operates from’a single +5V power source 

e Fully assembled and tested with a one-year warranty 


ORDERING INFORMATION 


Description 


RM65-5104E |’ Direct Memory Access Controlter.(DMAC) Module 





RM65-5104E Direct Memory Access 
Controller (DMAC) Module 


a “ : 


Document.No. RMAG5N26 


Data Sheet Order No. RM26 
Rev. 1, June 1983 





RM65-5104E 


FUNCTIONAL DESCRIPTION 


Addresses on the RM 65 Bus are compared with the address 
set by the module Base Address switches, If the Bank Select 

’ Enable switch is set, the bank-address signal (BADR/) is com- 
pared with the signal fromthe Bank Select switch. When the 
BADFY and address signal states on the bus match the signal 
states generated by the Base Address and Bank Select switches, 
the Microcode Generator, Chip Select, and Data Bute circuits 
are enabled. 


When the module circuits are enabled, the four least significant 
address signals and the read/write signal (R/W-) generate chip- 
select and microcode signals. The chip-select signals enable 
devices within the DMAC Module either to accept or to output 
data. The microcode signals control which registers are active 
in the DMA Source Address, Destination Address, and Byte 
Count Generators. 


After the generators are enabled and selected, data can be 
transferred between the module and the RM 65 Bus. Before the 
start of a DMA operation, these generators must be initialized. 
The Source Address Generator and the Destination Address 
Generator, respectively, must be loaded to specify the starting 
address of the source and the destination address during OMA 
data transfers. Control registers must be loaded to specify ifthe 
address is to be incremented or decremented after each byte. 
The Byte Count Generator must be loaded to specify the number 
of bytes of data to be transferred. A control byte in the Byte 
Count Generator indicates whether the contents of the register 
are to be incremented or decremented. Typically, the Byte 
Count Generator is set up to count down because the DMA 
transfer stops when the byte count becomes zera. 


Contents of the Command Register specify the parameters the 
DMAC Module is to use and start the DMA cycle. After the Com- 
mand Register has been loaded, the DMAC Module waits for 
two signals before beginning a DMA cycle. If the DMAC Module 
is to transfer data to or from an /O device, a DMA request signal 
must be received from the I/O device. For l/O-to-I/O transfers, 
a DMA request must be received from each VO device. For 
memory-to-memory transfers, the DMA request is generated by 
the DMAC Module. The second signal required: for DMA trans- 
fers is the sync signal. When the sync signal goes high, the 
DMAC Module forces the ready signal low (if the processor-stop 
mode is enabled), floats (effectively disconnects) the RM 65 Bus 
from the microprocessor, and switches module operation to the 
Read stale. 
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Direct Memory Access Controller (DMAC) Module 


During DMA cycles, the DMAC Module is controlled by the’State 
Control Circuitry. When the DMAC Module is idle, module 
operation starts or concludes in the Initialize And Conclude 
state. In the Read state, the source address from the Source 
Address Generator is placed on the RM 65 address lines. Data 
on the AM 65 data lines is then transferred from the source 
device: and saved in a temporary storage register. During the 
Write state, the destination address from the Destination Address 
Generator is placed on the RM 65 address lines. Data in the 
Temporary Data Register is then placed on the RM 65 data lines 
and transferred to the destination device. 


After the Write state, the byte count and mode of operation 


affect the state which the DMAC Module next enters. If the byte 


count is zero, DMAC Madule operation switches to the initialize 
And Conclude state and control of both the RM 65 Bus and the 


system returns to the processor. If the byte count is not zero, 


ther’ the mode. of operation affects the next DMA state, When 
the byte count is not zero and the data transfer is between two 
memory devices, operation of the DMAC Module switches to 
the Read state. 


When the data transfer involves VO devices, DMAC Module 
operation switches to a Read state if the DMA réquest signal 
(or signals during /O-to-I/O transfers) is present. If the DMA 
request signal is: not present and the module is in the burst 
mode, the mode of operation switches toa Hold state and 
remains in the ‘state until the DMA request: signal is present. 
Module operation then switches to a Read state. If the DMAC 
Module is operating in an interleaved mode, the operation is 
switched to the Initialize And Conclude state and control returns 
to the processor. The module takes control again as soon as 
sync and DMA request signals are present. 


At the end of a DMA cycle, after the byte count has been 
reduced to zero and DMAC Module ‘control has switched to the 
Initialize And Conclude state, system control returns to the 
microprocessor. The ready signal is disabled. The DMAC Module 
Command Register is cleared and the transfer-complete flag is 
written into the Status Register. If the interrupt mask bit is not 
set, either an interrupt request or a nonmaskable interrupt signal 
is generated. 


DMAC Module operating modes are controlled by bits in the 
DMAC Module Command Register. Modes available are Halt, 
Interrupt Mask, Burst, and Interleaved. 
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RM65-5104E DMAC Module Block Diagram 
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RM65-5104E . Direct Memory Access Controller (DMAC) Module 





RM 65 Bus Pin Assignments 





Bottom (Solder Side) Top (Component Side) 


Signal Signal 
Pin Mnemonic Signal Name Vo Pin Mnemonic Signal Name 
Ja 


GND Ground +5 Vde 

BADR/ Buffered Bank Address Buffered Address Bit 15 
GND ' Ground’ Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 . Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 Ground 

BA10/ Buffered Address Bit 10 Buffered Address Bit 9 
BAS Buffered Address Bit 8 Buffered Address Bit 7 
GND Ground ; Tye ; Buffered Address Bit 6 
BAS/ Buffered Address Bit 5 : ' Buffered Address Bit 4 
BAS Buffered Address Bit 3 Ground 

BA2/ Buffered Address Bit 2 Buffered Address Bit 1 
BAO/ Buffered Address Bit 0 Buffered Phase 1 Clock 
GND | Ground ns Buffered Syne 

BSO -*Buffered Set Overflow ; Buffered DMA Request 1 
BRDY Buffered Ready = Ground 


“User Spare 1 . i: *-12 Vde/-V 
+12V/4V | *+12 Vdo/+V¥ ; *User Spare 2 


“GND | Ground. Butfered Bus Float 
BDMT/ ‘| Butfered DMA Terminate ; “Buffered External Phase 0 Clock 
7 *User Spare 3 Ground 
BRIW/ Buffered Read/Write “Not”, ; Buffered OMA Request 2 
*System Spare Buffered Read/Write 
GND Ground Buffered Bus Active . 
BIRQ/ Buffered Interrupt Request Buffered Non-Maskable Interrupt 
Bg2/ Buffered Phase 2 “Not” Clock a Ground 
Bg2 - Buffered Phase 2 Clock nat Buffered Reset 
BD7/ Buffered Data Bit 7 : Buffered Data Bit 6 
GND Ground 4 4 Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 . Buffered Data Bit 3 
BD2 Buffered Data Bit 2 Ground 
BD1/ Buffered Data Bit 1 Buffered Data Bit 0 
+5V +5 Vde Ground 


Note: 
*Not used on this module. 
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FIMG5-5104E_ | Direct Memory Access Controller (DMAC) Module 


SPECIFICATIONS a 


Parameter 


Dimensions (1, 2, 3) 
Width 100 mm (3.9 in.) 
Length F 164 mm.(6.4 in.). 
Height ; 14 mm (0.56 in.) 


137 g (4.8 02.) 


Environment ue 
Operating Temperature 0°C to 70°C 
Storage Temperature —40°C to +85°C ; 
Relative Humidity 0% to 85%, without condensation. 


Power Requirements , +5 Vide +5%, at 1.2A (6.0W)—Typical : 
as 1.94 (9.5W)—Maximum 
AM 85 Bus intertace ; 64 pin plug (0. #001 in. centers) per DIN 41612 ae and b with c c hot. installed). 


Notés: 
1, Height includes the maximum values for component height above the board surface (0. 4in.), printed circuit pear thickness (0.062 in. ), and 


pin extension through the bottom of the module (0.1 in.). 
2. Length does not include extensions beyond the edge of the module due to connectors or the module. ejector. 
3. Connector conforms to DIN 41612. 





172 MM _ MATING 
(6.8 IN.) »| MOTHERBOARD 
AND RECEPTACLE 


EUROCARD CONNECT: OR 
COMPONENT AREA 


SS ee at 


HEIGHT 


EUROCONNECTOR 
EXTENSION 


RIM65-5104E DMAC Module. Dimensions 
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RM65-5222E 
RM 65 Microcomputer Family 


RM65-5222E 


-RM 65 GENERAL PURPOSE INPUT/OUTPUT 
Rockwell (GPIO) & TIMER MODULE 








RM 65 MICROCOMPUTER MODULES ORDERING INFORMATION 
The RM65-5222E GPIO & Timer Module is one of the hardware om 

: ‘ : : : : ; Part No. D 
options available for the RM 65 Microcomputer Module family.:: ac cal ie Sesrietien —____. 

ns Rai in enor ‘| AM65-5222E ° General Purpose Input/Output (GPIO) and 

RM 65 Microcomputer Module products are designed forOEM ot Timer Module : : 
and.end user microcomputer applications requiring state-of-the- — = 
art performance, compact size, modular design and low cost. eerie Ne Pescipilen., 
Software for RM 65 systems can be developed in R6500 | , “ General Purpose Input/Output (GPIO) and. 
Assembly Language, PL/65, BASIC and FORTH, Both BASIC. . . Timer Module User's Manual (included with 
and FORTH are available in ROM and can be incorporated into __|_RM6s- qoeee) 
the user's system. "i : 
RM 65 modules use a motherboard interconnect concept. and FEATURES 


_accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. _ 


PRODUCT OVERVIEW 


The RM65-5222E General Purpose Input/Output (GPIO) & Timer Four programmable 16-bit counter/timers 

Module provides a parallel /O interface to the RM 65 Bus. Two Two 8-bit shift registers for synchronous serial communi- 
R6522 Versatile Interface Adapter (VIA) devices provide four 8- cations 

bit bidirectional data ports and four 2-bit control ports; 40 //O 
lines in all. Two multi-mode 16-bit timer/counters extend: the 
versatility of the module. All /O lines are TTL buffered. 


Compact size—about 4” « 6%” (100 mm x 160 mm) 
Pin afd socket bus connector 

RM 65 Bus compatible 

Fully buffered address, data and control bus interface lines 
--Fully buffered data and control I/O lines 

” Four 8-bit paralle! bidirectional data ports 

Four 2-bit control ports | 


Manually or software-controlled data line direction 
e Jumper-selectable control tine direction 


Bank select switches assign l/O addresses to one or two 65K 
banks. 


/O: base address switch selectable to a page boundary 
Four VO connectors 

+5V operation 

Fully assembled, tested and warranted 


The GPIO & Timer Module I/O can be assigned either to one 
of two 65K byte memory banks or common to both banks. Eight 
switches allow I/O addresses to be set to any page (256 bytes). 
Eight switches (two per I/O port) manually set the '/O trans- 
ceiver data direction or allow software control using the asso- 
ciated port control lines. Twelve jumpers erect the direction 
of the control lines. 





FIM65-5222E General Purpose Input/Output (GPIO) & Timer Module 


Data Sheet Order No. RM12 
Rev. 2, June 1983 
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RM65-5222E 


GPIO & Timer Module 





FUNCTIONAL DESCRIPTION 


The heart of the GPIO & Timer module is two R6522 Versatile 
Interface Adapter (VIA) devices. Each VIA provides two 8-bit 
bidirectional input/output ports, four O control lines, two fully 
programmable 16-bit timer/counters and an 8-bit shift register 
for serial interface. There is also control of interrupt generation 
from independent /O conditions. 


The two 8-bit input/output peripheral ports are fully bidirectional. 
Date direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for VO or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection ofa gene or falling 
edge. 


The two 16-bit counter/timers are capable of many complex 


timing and counting functions. One timer provides four modes . 


of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three modes of the second 16-bit timer pro- 
vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out, data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. 

The Data Transceivers invert and buffer 8-bits:of parallel data 
between the RM 65 Bus and the two R6522 VIA devices. The 
Data Transceivers are enabled when a valid address is present 
at the Base Address Decoders. During a read operation, data 
is transferred fram the addressed R6522 to the AM 65 Bus. 
During a write operation, data is transferred from the RM 65 
Bus to the addressed R6522. 


The Address Buffers invert the five least significant address bits 
used to select the R6522 devices and registers. 
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Divers ADDRESS ia 


Phe ete ae 


















DATA 


BUS 
ACTIVE 





ADDRESS 


GASE 

ADDRESS 
oe . DECODERS 
SWITCHES 










BANK 
SELECT 
CONTROL 


BANK SELECT 
SWITCH 
BANK ENABLE 
SWITCH 


BANK 
ADDRESS 










INTERRUPT 
CONTROL 
AND 





TIMING 







CONTROL 
Pt} opurrers [ss SC] OT 
aa 


The Bank Control circuit detects when the GPIO & Timer 
Module's assigned memory bank is addressed by comparing 
the bank address signal from the RM 65 Bus to the Bank Select » 
Enable and Bank Select switches. The Bank Select Enable 
switch allows the module to be assigned common to either both 
banks, or to Bank 0 (lower 65K) or Bank 1 (upper 65K) depending 
on the Bank Select switch. 


The Control Buffers drive read/write, phase 2 clock, and reset 


signals from the RM 65 Bus to the GPIO & Timer Module. The. 


interrupt request and bus active signals are driven from the 
GPIO & Timer Module. 


The Base Address Decoders use the eight most significant 
address lines to assign the 32 VO addresses to a page (256 . 
bytes) boundary: When an address is within range of the Base 
Address switches and the Bank Control is enabled, a chip select 
is generated to one of the R6522 devices. 


Twelve Contro! Direction Jumpers allow the three bidirectional 
control lines (CA1, CB1, and CB2) on each R6522 to be con- 
figured for either input or output mode. 


Four //O Direction Switches provide direction control to each of 
the Port VO transceivers. Four .Programmed/Manual Select 
switches allow the difaction control to be established from the 
Direction Control switches.in the Manual mode or from a R6522 
control line in the Programmed mode. 


The vO Transcelvers buffer each of four 8-bit /O ports. The 
direction is determined by the Direction Control logic. There are 
also eight buffers provided for the control lines (2 per /O port), 
six of which can be configured for input or output as determined 
by the Handshake Direction Buffers. 


All /O data and contro! signals are brought out to four connec- 
tors that will each accept a 20-pin mass terminated ribbon cable 
(cable and mass terminated connectors are not supplied with 
the GPIO & Timer Module). Each connector is dedicated to one 
port with 8 data, 2 control and 10 ground tines. 


PORT 1A 


oe 1 































CONTROL 
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GPIO & Timer Module Block Diagram 








RM65-5222E 


GPIO & Timer Module 





Signal 
Mnemonic 





+12V/+V 
GND 
_BDMT} 


Note: 
*Not used on this module. 


Notes: 


Bottom (Solder Side) 


1. Similar for ports 1B, 2A'and 2B. 
2. Even Pins 2-20 are ground 


Signal Name 


Ground | 
Buffered Bank Address 
Ground ae 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10. 
. Buffered Address Bit 8 
Ground 7 
*Buffered Address Bit 5 
Buffered:Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 


“Buffered Set Overflow 
“Buffered Ready 
“User Spare 1° 


*+12. Vde/+V. 

Ground Line 
“Buffered DMA Terminate 
“User-Spare 3 

Buffered Read/Write “Not” 


. “System Spare 
Y.  Ground: 


Buffered Interrupt Request 
"Buffered Phase 2 “Not” Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 

Ground 

Buffered Data Bit 4 

Buffered Data Bit 2 

Buffered Data Bit 1 

+5 Vde 


RM 65 Bus Pin Assignments 


Top (Component Side) . 
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Signal 
Mnemonic Signal Name 
+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Buffered Address Bit 9. 
*Buffered Address Bit 7 
“Buffered Address Bit 6 
Buffered Address Bit 4 
Grourid 
Buffered Address Bit 1 
*Buffered Phase 1 Clock 
*Buffered Sync 
“Buffered DMA Request 1 
Ground 
*~12 Vde/-¥ 
“User Spare 2 
“Buffered Bus Float 
*Butfered External Phase 0 Clock 
Ground : iad 
“Buffered OMA Request 2 
*Buffered Read/Write 
Buffered Bus Active ; 
“Buffered Non-Maskable Interrupt 
Ground 
Bufferéd Reset 
Butfered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 


Port 1A Data O 
Port 1A Data 1 
Port tA Data 2 
Port 1A Data 3 
Port 1A Data 4 
Port 1A Data 5 
Port 1A Data 6 
Port 1A Data 7 
Port 1A.Control CA1 
Port 1A Control CA2 








RM65-5222E GPIO & Timer Module 


SPECIFICATIONS 








Parameter Value 


Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 


Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


a 


Environment 
Operating Temperature orc to 70°C 
Storage Temperature -40°C to +85°C 
Relative Humidity 0% to 85% (without condensation) 


' Power Requirements +5 Vde +5% 0.52 A (2.6 W)—Maximum 
; _ +5 Vde +5% 0.94 A (4.70 W)-—Maximum 


Interface 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 








VO Interface 
¥O Connectors (4) 20-pin vertical mass termination plug (0.3 in. pins on 0.100 in. centers) 





Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 


6.8 IN. MATING 

(172 MN) MOTHERBOARD 
AND RECEPTACLE 

LENGTH - 


HEIGHT ae a ee ee 








EUROCARD CONNECTOR 
COMPONENT AREA 





EUROCONNECTOR 
EXTENSION 


RM65-5222E Module Dimensions 








6% 


Rockwell 


RM65-5223E 
RM 65 Microcomputer Family 


RM65-5223E 
RM 65 MULTI-FUNCTION 
PERIPHERAL INTERFACE MODULE 





RM 65 MICROCOMPUTER MODULES 


The RM65-5223E Multi-Function Interface (MPI) Module is one 
of the hardware options available for the RM 65 Microcomputer 
Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
‘and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
‘Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
‘the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The. 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high.immunity to elec- 
trical noise and includes growth provisions for user functions. 


A selection of card cages provides packaging flexibility. RM 65. 


products may also be used with. Rockwell AIM~65. and AIM 
‘65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-5223E RM 65 Multi-function interface (MP1) Module 
provides a parallel 1/O interface to the RM 65 Bus. Two R6522 
Versatile Interface Adapter (VIA) devices provide four 8-bit 
bidirectional data ports and four 2-bit control ports; 40 I/O lines 
in all. Two multi-mode 16-bit timer/counters extend the versa- 
tility of the module. All /O lines are TTL buffered and available 
on two 40 pin I/O connectors compatible with the AIM 65/40 
SBC and RM 65 SBC Parallel Application connectors. Data 
buffer direction is under direct software control. Twelve jumpers 
specify the direction of the control lines, while an additional 6 
jumpers control the optional features. 

The MPI Module I/O can be assigned either to one of two 65K 
byte memory banks or common to both banks. Eight switches 
allow I/O addresses to be set to any page (256 bytes). 








RM65-5223E Multi-function Peripheral 
Interface (MPI) Module 


FEATURES 

Compact size—about 4” x 6%” (100 mm: x 160 mm) 
Pin and socket bus connection 

RM 65 Bus compatible 

‘Two R6522 Versatile Interface Adapter (VIA) devices 

. Four fully buffered 8-bit parallel data ports i 

Four fully buffered 2-bit control ports + 

Four programmable 16-bit counter/timers 

Two serial input/output ports . 

M ultiple interrupt conditions 

Full buffering on all /O data and control lines 
Software-controlled data line direction 
Jurnper-selectable control line direction 

Data port buffering can be removed 

_All /O lines are available on two 40-pin /O connectors 
VO connectors are compatible with both the AIM 65/40 and 


RM.65 SBC module parallel /Q connectors and AIM 65/40. 
intelligent peripherals 


One connector is fully compatible with the AIM 65/40 stan- 
dard or extended keyboard 


Bank switches assign I/O addresses to one or two 65K banks 
VO base address switch selectable to a page boundary 
+5V operation 

Fully assembled, tested and warranted 


ORDERING INFORMATION 


Multi-function ‘Peripherat Interface (MPI} 
Module 


Multi-Function Peripheral Interface Module 










(MPt) Module User's Manual (included with 
RM65-5223E) 








Document No. RMA65N24 


Data Sheet Order No.. RM24 
Rev. 1, June 1983 
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FUNCTIONAL DESCRIPTION 


The heart of the MPI module is two R6522 Versatite Interface 
Adapter (VIA) devices. Each VIA provides two 8-bit bidirectional 
input/output ports, four /O contro! lines, two fully programmable 
16-bit timer/counters and an 8-bit shift register for serial inter- 
face. There is also control of interrupt generation from indepen- 
dent I/O conditions. 


The two 8-bit input/output peripheral ports are fully bidirectional. 
Data direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for VO or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection of a rising or falling 
edge. 


The two 16-bit counter/timers are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output.on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three. modes of the second 16-bit timer pro- 
vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. , 


Four Port Transceivers buffer the VIA data lines for input or 

‘output modes. The I/O Data Direction Control logic allows the 
direction of each 8-bit port to be independently set for input or 
output mode under software controls. In the buffered output 
mode, the Port Transceivers are capable of sinking 16 mA on 
any data line. For applications where buffering is not desired, 
any of the Port Transceivers can be replaced with DIP shunts 
for direct connection to the VIA peripheral data pins. 


The ¥O Control Signa! Buffers fully buffer all eight VIA Control 
lines. On each VIA, one control line (CA1) has only an input 
mode which is buffered as such. Twelve I/O Control Direction 
Jumpers allow the three bidirectional control lines (CA2, CB1, 
and CB2) on each R6522 to be configured for either input or 
output mode. 


A number of options available on VIA No. 1 make it particularly 
well-suited for keyboard applications. The A port of VIA No. 1 
is supplemented with Line Low Detection circuitry which gen- 
erates an interrupt through control line CA1 when any line goes 
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low; a reset switch on control line CB2 is passed off the board 
from the RESET connector io be used by reset conditioning 
circuitry on an RM 65 SBC module, AIM 65 micocomputer or 
AIM 65/40 SBC module; an attention switch on control line CB1 
is debounced by the Attention Interrupt Conditioning circuitry to 


_generate a non-maskable interrupt when enabled by the Atten- 


tion Interrupt jumper. 


Two 40-pin Parallel I/O connectors support all the R6522 VIA 
signals as well as the Attention and Reset switch options. These 
connectors can be configured to match the RM 65 or AIM 
65/40 SBC module Parallel Application connectors, while also 
being compatible with AIM 65/40 peripherals—keyboard, dis- 
play or printer. The I/O Power Source jumpers allow +5V to be 
supplied to the interfacing equipment through the Parallel I/O 
Connector. 


The Data Transceivers invert and buffer.8-bits of paralle!] data 
between the RM 65 Bus and the two R6522 VIA devices or the 
¥O Direction Control logic. The Data Transceivers are enabled 
when a valid address is present at the Base Address Decoders. 
During a read operation, data is transferred from the addressed 
iO to the RM 65 Bus. During a write operation, data is trans- 
ferred from the RM 65 Bus to the addressed I/O. 


Tne Address Buffers invert the six least significant address bits 
used to select the R6522 devices and registers and also the 
VO Direction Control Logic. 


The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the MPI module. The interrupt 
request and bus active signals are driven from the MPI module. 


The Bank Select Control circuit detects when the MP] module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 Bus to the Bank Select Enable 
and Bank Select switches. The Bank Select Enable switch 
allows the module to be assigned either common to both banks, 
or to Bank O (lower 65K) or Bank 1 (upper 65K) depending on 
the Bank Select switch. 


The Base Address Decoders use the eight most significant 
address lines to assign the MP! module to a page (256 bytes) 
boundary. When an address is within range of the Base Address 
switches and the Bank Control is enabled, a chip select is gen- 
erated to one of the R6522 devices or the I/O Direction Control 
logic is selected. 
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Multi-function Peripheral Interface (MPI) Module 












PORT 14 
TARANCEIVERS 


PORT 1B : 
TRANSCEIVERS 


VORATA 
DIRECTION 
CONTROL 


DETECTOR 


0 CONTROL. vo 


DIRECTION - CONTROL 
SIGNAL 


SUFFERS 








PORT 20 
TRANSCEIVERS 





PORT 2B 
|, TRANSCEIVERS 


MPI Module Block Diagram 
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RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 


Signal 
Mnemonic 


Signal Name 


Ground 

Buffered Bank Address 
Ground 

Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 

Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Butfared Address Bit 0 
Ground 
“Buffered Set Overflow 


Signal Name 

+5 Vde 

Butfered Address Bit 15 

Buffered Address Bit 14 

Buffered Address Bit 12 

Ground 

Buffered Address Bit 9 
*Buffered Address Bit 7 
*Buffered Address Bit 6 

Buffered Address Bit 4 

Ground 

Buffered Address Bit 1 
*Buffered Phase 1 Clock 
“Buffered Sync 
“Buffered DMA Request 1 


“Buffered Ready Ground 
*User Spare 1 *—12 Vde/-V 
+12V/+V “+12 Vde/+V *User Spare 2 
GND Ground Line *Buffered Bus Float 
BDMT/ “Buffered OMA Terminate “Buffered External Phase 0 Clock 
“User Spare 3 Ground 
Buffered Read/Write “Not” “Butfered DMA Request 2 
*System Spare *Bulfered Read/Write 
Ground ... Buffered Bus Active 
Buffered Interrupt Request Buffered Non-Maskable Interrupt 
Buffered Phase 2 “Not” Clock Ground 
“Buffered Phase 2 Clock Buffered Reset 
Buffered Data BR 7 Buffered Data Bit 6 
Ground Buffered Data Bit 5 
Buffered Data Bit 4 Buffered Data Bit 3 
Buffered Data Bit 2 Ground 
Buffered Data Bit 1 Buffered Data Bit 0 
+5 Vde Ground 


CB2/RES_ GND/+5V* 
CBYVATIN GND 
PB7 GND 
PBS GND 
PBS GND 
PB4 GND 
PBS GND 
PB2 GND 
PBI GND 
PBO GND 
PA7 GND 
PAG GND 
PAS GND 
PAG GND 
PAS GND 
PA2 GND 
PAI GND 
PAO GND 
CA2 GND 
CA D GND/+5V" 





1. Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 
2. Pin 1 of J1 can be optionally jumpered to RESET connector or to CB2. 
3. Pin 3 of J1 can be optionally jumpered to the Attention Interrupt Conditioning circuit or to CB1. 
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RM65-5223E ee Multi-function Peripheral Interface (MPI) Module 


SPECIFICATIONS =v 


Dimensions (1, 2, 3) Ins 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 2 0.56 in. (14 mm) 


5.1 oz. (145 g) 


Environment ; 
‘Operating Temperature. 0°C to 70°C 
Storage Temperature —40°C ta +85°C_ 
Relative Humidity 0% to.85% (without condensation) —. 


Power Requirements +5 Vde +5% 0.65 A (3.25 W)—Typical’ 
ea +5 Vde +5% 1.03 A (5.15 W)—Maximum 


Interfaces ; 
RM 65 Bus Interface. _ 64-pin plug (0.100 in. centers) per DIN 41612 (Row. b not installed) 


VO Interface a 
Paralle| /O Connectors (2) 40-pin 3M #3495-1002, or equivalent, receptacle. Mates with 3M #341 8-0000T, 
or equivalent, ribbon cable connector 
Reset Connector — 2 vertical pins (0.3 in. high) on 0.200 re 


Notes: 
1. Height includes the maximum values for component height above the board surface “0, 4 in. for populated modules),’ printed circult board 
thickness (0.062 in.); and-pin extension through the bottom of the module (0.1 in.). 


2. Length does not Include extensions beyond the edge of, the module due to connectors or the module ejector. 
3. Dimensions conform-to DIN eNBAe. 








6.8 IN, MATING 
“(172 MM} MOTHERBOARD 


AND RECEPTACLE 
oe 





EUROCARD CONNECTOR 
COMPONENT AREA 


HEIGHT $s 





EXTENSION 


Module Dimensions 
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RM 65 MICROCOMPUTER MODULES 


The.RM65-5302E Analog Input Module and the RM65-5303E 
Analog Input/Output. Module are hardware options available for 
the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for.AM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s ‘system. , 


RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted in any slot. The 64-line RM 65 
Bus offers memory addressing up to 128K bytes, provides high 
immunity to electrical noise and includes growth provisions for 
user functions. ‘A ‘selection of card cages allows packaging flex- 
ibility. RM 65 products can also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desktop microcomputer 
applications. 


PRODUCT OVERVIEW 


The RM65-5303E Analog Input/Output module provides either 
16 single-ended or 8 differential analog input channels with 
12-bit analog-to-digital conversion and.two independent analog 
output channels with 12-bit digital-to-analog conversion, This 
single module can satisfy’ a wide range of applications requiring 
both monitoring and control of interfacing analog devices. For 
applications requiring only the monitoring of sensors, the RM65- 
5302E Analog Input module provides.the same input capability 
as the RM65-5303E module but does not have analog output 
provision, , 


The analog input section is easily jumper configured to accept 
inputs in one of five voltage ranges in either single-ended or 
differential input connection (depending upon the position of a 
plug-in header).- Automatic input conversion start upon reading 
of input data simplifies software processing. Each of the two 
independent analog output channels initiates output conversion. 
automatically upon the receipt of output data. thus . similarly 
reducing software steps. Each output channel can also be Sep- 
arately configured to operate. in one of five output ranges with 
internal reference or in one of six output gain ranges with 
external reference. 


ORDERING INFORMATION 
RAM65-5302E .| Analog Input Module 
AM65-5303E | Analog Input/Output Module 


818 Analog Input/Output Module User's Manual 
(included with RM65-5302E and RM65-5303E) 










RM65-5302E AND RM 65-5303E. 
RM 65 ANALOG INPUT 
AND ANALOG INPUT/OUTPUT MODULES 


RM65-5302E e RM65-5303E 
RM 65 Microcomp uter Family 


FEATURES 


Compact size—about 100 mm x 160 mm (4” x 6%”) 
RM 65 Bus compatible 

16 Single-ended or 8 differential analog input channels 
—12-bit analog-to-digital converter (ADC) 

—Software control of input channel 

—lInput over-voltage protected to +15V 

——Input impedance of 100 megohms minimum 

— Five analog input voltage ranges 

—70 db of common-mode rejection with differential inputs 


—Sample and hold isolation of analog input during conver- 
sion time 


— Software selectable data length conversion (8 or 12 bits) 


—Automatic conversion start upon reading the most signifi- 
cant byte 


—Maskable interrupt generation upon conversion completion 

Two independent analog output channels each with: 

—12-bit digital-to-analog converter (DAC) 

—Five analog output voltage ranges with internal reference 

—Six analog output gain ranges with external reference. 

— Settling time of 6 microseconds 

—Double-buffered OAC data registers 

—Automatic conversion start upon writing the least signifi- 
cant byte 

e Trim potentiometers for zero-offset and full-scale reference 

adjustments 

All analog /O' signais are avaifable on a 40-pin connector 

compatible with mass-terminated twisted-pair cables 

Fully assembled and tested with a one-year warranty 





RM65-5303E Analog Input/Output Module 





Document No. RMA65N27 
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RM65-5302E e RM65-5303E — 
FUNCTIONAL DESCRIPTION 


AM 65 BUS INTERFACE — 


The Base Address. Comparator compares the address lines to 
Base Address switches S1-1 through S1-8 to determine if the 
address is within the 256-byte (1 page) block of memory selected 
by the switches. When the address lines match the switch 
positions, the module is enabled. 


Bank Select logic exclusively NORs the Bank Address line with 
the Bank Select switch position (S1-9) then routes the output 
through the Bank Select Enable switch (S1-10) to select the 
bank (0, 1 or both) that the module responds to when addressed. 
This bank enable signal is‘then routed to the Command Decoder. 


Control Line Buffers invert and drive the read/write, reset, phase 
2 and address line 0 onto the module for use by other.on-board 
circuitry. The Interrupt Request from the ADC conversion logic 
and the Bus Active from the Address Decoder logic are driven 
onto the RM 65 Bus. 


Data Transceivers invert and transfer eight parallel data lines 
between the module and the AM 65 data bus.. The transceivers 
are enabled by the Address Decoder logic when the module is 
addressed in the.selected page and bank. The direction of data 
transfer is controlled by R/W. When the transceivers are ena- 
bled during a write operation, data is transferred from the RM 
65 data bus for use by the ADC MUX Channel! Select, the ADC 
Coniro! Register, or the two DACs: When the transceivers are 
enabled during-a read operation, data is transferred to the RM 
65 data bus from the ADC, the ADC MUX Channel Monitor, or 
the ADC Status Register. 


COMMAND DECODER 


Command. Decoder logic is enabled when the address is within 
the page selected by the base address switches, and the bank 
address matches the selected bank. When enabled, bus address 
linas BA1/.and BA2/ as well as R/W from the Control Line 
Buffers are decoded and combined with other logic into the fol- 
lowing major control lines, which enable the Data Transceivers, 
drive Bus Active, and control the other major module functions. 


ANALOG INPUT 


Analog input signals are routed from the Jt V0 Connector to 
the multiplexer (MUX) which consists of two 8-to-1 MUX devices. 
For single-ended inputs, the 16 individual ‘signals are: routed to 
one of the two MUX devices; eight channels (CHO-CH7) to MUX 
2 and eight channels (CH8-CH15) to MUX.1. The signal return 
is connected to ground through the corresponding Charinel return 
at Connector J1. For differential. inputs, eight channels are con- 
nected to both MUX: devices; eight (CHO+: through CH7+). to 
MUX 2 and the accompanying aight (CHO— through CH7-—) to 
MUX 1. 


The ADC MUX Channel Select logic tatches the upper four RM 
65 data bus lines, When a Write ADC-‘MUX Channel.command 
is decoded by. the. Command Decoder, .the encoded channel 
number (0 to:7) is output to the MUX devices. Latched.data lines 
are routed to each MUX device to select one of eight channels. 
The high and low latched 07 and D7 lines are routed through 


Analog Input and Input/Output Modules 


the Analog Input Header to enable’ either MUX 1 or MUX 2. For 
single-ended inputs, MUX 2 is enabled when chanriel 0-7 is’ 


» selected while MUX 1 is enabled when Channel 6-15 is selected. 


For differential inputs, both MUX devices are enabled when 
channel 0-7 is selected. The ADC MUX Channel Monitor copies 
the latched MUX channel select lines ‘onto data bus lines when 
a Read ADC MUX Channet Monitor command is decoded by 
the Command Decoder. . 


The selected MUX output is routed through the Analog Input 
Header.to the INST AMP. The plug-in shunt type header con- 
tains alternating open and closed ‘circuits and is. provided with 
the module to allow easy selection of either single-ended or 
differential inputs by merely reversing the orientation of the — 
header in the socket. When single-ended inputs are selected, 


the high signal from the selected MUX device is routed to the 


INST AMP “+” input while GND. is routed to the INST AMP “—" 
input. When a differential input is selected, the signal from MUX 
2 is connected to the INST AMP “+” input while the signal from 
MUX 1 is routed to the INST AMP “—” input. One pin of the 
Analog Input Header socket is routed to ADC Status Register 


‘to indicate the installed position of the header to the processor. 


The INST AMP provides a precision gain to the differential 
voltage between its:"+" and “—" input terminals..The ADC — 


Amplifier Gain jumper allows a gain of either 1 or 2 to be 


selected. Two potentiometers allow the zero offset and gain to 
be: adjusted. - 


The S/H amplifier and associated hold capacitor samples the 
output from the INST AMP and holds its output steady while the 
interfacing ADC device converts the analog signal to the digital 
equivalent. 


A/D CONVERSION AND ADC READ LOGIC 


The ADC and associated A/D conversion/read logic controls the 
converting of the analog input signal to digital. format and the 
transferring of the digital data onto the data bus. 


CONVERT A/D CYCLE 


The convert AD cycle controls the sampling and holding of the 
analog input signal and its conversion to digital format. The con- 
vert cycle is initiated in‘response to a Read ADC MSB command. 


The ADC device uses a 12-bit successive approximation tech- 
nique to convert the analog input voltage to a 12- or 8-bit digital 
format then stores the digital data in an internal data storage 


‘register (for subsequent output to data lines DO-D7 in response 


to read ADC commands). The input Type jumper selects either 
Unipolar or bipolar operation. The ADC Range jumper routes 
the input signal from the S/H to either the 10V or 20V input pin 
on the ADC, 


When the conversion is complete, the ADC Data Ready bit 
(ADCRDY) is set in the ADC Status Register. This indicates that 
the conversion is complete and that ADC data may be read from 
the ADC. ADCRDY also generates the Interrupt Request if the 
Interrupt Enable (IRQEN) is.set in the ADC Control Register. 


READ ADC CYCLE 


The converted analog input signal is output to the RM 65 data 
bus through Data Transceivers in response to one of two read 
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ADC commands decoded by the Command Decoder. One com-. 
mand, Read ADC LSB, transfers the least significant byte con- 
sisting of the four least significant bits and four zeros onto the 
RM 65 data bus. One other command, Read ADC MSB, trans- 
fers the most significant byte consisting of the eight most sig- 
nificant bits onto the AM 65 data bus. The least significant byte 
is always read first since reading the most significant byte 
restarts the conversion cycle. 


ADC STATUS AND CONTROL REGISTER 


The ADC Status Register, when enabled by the decoded Read 
ADC Status Register command, drives the status of four signals 
onto the data bus. 


Signal Name Description 

HDRPOS Analog Input Header Position 
IRQENS Interrupt Request Enable Status 
ADCRDY ADC Data Ready 

IRQ- Interrupt Request Flag Status 


HDRPOS reflects the installed position of the Analog input 
Header. IRQENS copies the Interrupt Request Enable Com- 
mand output from the ADC Control Register. ADCRDY indicates 
the ADC conversion status from the ADC. The IRQ- Interrupt 
‘Request Flag indicates if an interrupt request has been issued 
to the RM 65 Bus. 


The ADC Control Register, when enabled by the decoded Write 
ADC Control Register command, latches the lower four bits of 
the data bus lines to drive two ADC control signals. 


Signal Name Description 
IRQENG Interrupt Request Enable Command 
12/8 Conversion Length 


Analog Input and Input/Output Modules 


JRQEN is the status of the interrupt enable command to the ADC 
Status Register. 12/8 is the A/D conversion length command to 
the ADC device. 


ANALOG OUTPUT 


Analog output signals originate as digital data (two bytes) on 
the RM 65 Bus. These data bytes are input through the Data 
Transceivers into DAC 1 and DAC 2 in response to commands 
decoded by the Command Decoder and other logic to distin- 
guish the individual data bytes. These commands enable the 
raspective DACs and initiate the data conversion upon writing 
of the least significant data byte. Two addresses associated with 
each DAC transfer the 12-bit digital data in separate B-bit bytes. 


The reference voltage to each DAC may be either an internal 
precision reference. originating from the ADC or an external 
input voltage of +11V. Separate buffers amplify the internal ref- 
erence voltage and the external reference voltage. Either the 
internal or external reference voltage source is selected by a 
Reference Source jumper on each channel. 


The selected reference voltage is amplified using a gain selected 
by the DAC Reference Amplifier Gain jumper position. The DAC 
gain adjust potentiometer trims the amplifier gain. 


Each DAC provides an output current directly proportional to the 
product of the reference voltage and the digital input word. A 
second output current is similarly proportional to the comple- 
ment of the digital input value. e133 


An OP AMP converts the output current to a unipolar voltage 
and a second OP AMP.converts the voltage to bipolar levels if 
jumper selected. One jumper selects the output gain while 
another jumper determines the output polarity. A potentiometer 
trims the output gain. 















AM 65 ; 
BUS CONNECTOR 


DATA 










ADC 
STATUS 
REGISTER 
“CONTROL 
INTERRUPT 
REQUEST : 
anc aii 
TIVE 
BUS Ae : CONTROL 
EGISTER 


CONTROL 
LINE 
BUFFERS 


BANK 
ADDRESS 


ADORESS 





oac 
CONTROL 


“Stet = SAMPLEMOLO 


10 
CONNECTOR 





ANALOG 
INPUTS: 


ADC GaIn 
& OFFSET 
ADJUST 


8 CHANNEL 
MULTI. 
PLEXER 2 


ANALOG 
INPUT © 
HEADER 










8 CHANNEL 
MULTI” 
PLEXER 1 










ANALOG 
INPUTS 

















CHANNEL 
SELECT 






GAIN JUMPER 
AND FULL 
SCALE ADJUST 






baci 
OFFSET 
ADJUST 






ry 
REFERENCE 
SELECTION 
JUMPER 





ANALOG 
OUTPUT 1 








Qac GaIN. 
SIPOLAR 
JUMPERS 





ANALOG 
OUTPUT 2 





GAIN JUMPER 
AND FULL 
SCALE AQWUST 
EXTERNAL 
REFERENCE 


Analog Input/Output Module Block Diagram 
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RM65-5302E e RM65-5303E Analog Input and Input/Output Modules 


¥O Connector Pin Assignments: 


ADC.CHO GND 

-ADC CH1 GND 

ADC CH2 GND 

ADC CH3 GND 

ADC CH4 GND 

ADC CHS GND 

ADC CHE GND 

ADC:‘CH7 GND 
ADC CH8 GND 

ADC CHO GND. 

ADC CH10 GND 

ADC CH11 GND 

ADC CH12 GND 

ADC CH13 GND. 

ADC CH14 GND © 

ADC CH15 GND 
DAC 2 GND 

DAC 1 OUT. DAC 1 GND 

External. Reference External Reference GND 
—@ND ~ “|: GND , 


ADC CHO’ (CHO+) 
ADC CH1 (CHi+) 
ADC CH2 (CH2+) 
ADC CH3. (CH3+) 
ADC GH4 (CH4+) 
ADC CHS. (CH5+) 
ADC CH6 (CH6+) 
ADC CH7 (CH7+) 
ADC CH8 (CHO-) 
ADC CH (CH1—) 
ADC CH10 (CH2-) 
ADC CH11 (CH3—) 
ADC CH12 (CH4-) 
ADC CH13 (CH5—) 
- ADC.CH14 (CH6-). 
ADC C15 (CH7-) 
- DAC 2 OUT 


ee : 
. Signal name in n parentheses applies to differential input connection, 
4 Pins 39 and 40 are connected internally. i DAC 2 pone: 





AM 65 Bus Pin Assignments. 


“Bottom (Solder oe) Top (Component Side) 


‘Signal 
Mnemonic 
-. Ground -. a: ‘ +5 Vde 
Buffered Bank Address . . Buffered Address Bit 15- 
Ground. Buffered Address Bit 14 
Buffered Address Bit 13 : Buffered Address Bit 12 
Buffered Address. Bit 11 Ground 
Buffered Address Bit 10 ‘Buffered Address Bit 9 


~ Signal Name ‘Signal Name 


+12V/+V 
GND. 
BOMT/ 


BRIW 


GND 
BIRQ/ 
Bg2/ 
Bg2 
B07/ 
GND 
BD4/, 
BD2/ 
-BD1/ 
+5V 


’ Note: 
“Not used on this module. 


Buttered Address Bit 8 
Ground 
“Buffered Address Bit 5 
*Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 
“Buffered Set Overflow 
Buffered Ready 
*User Spare 1 
+15 Vde 
Ground Line 
“Buffered DMA Terminate 
*User Spare 3 
Buffered Read/Write “Not” 
“System Spare 
Ground - 
Buffered Interrupt Request 


Buffered Phase 2 “Not” Clock” 


. Buffered Phase 2 Clock. 
Buffered Data Bit 7 
Ground 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buftered Data Bit 1 
+§ Vde 


*Buffered Address Bit 7 
"Buffered Address Bit 6 

*Buffered Address Bit 4 
Ground .. 

*Buffered Address Bit 1 
*Buffered Phase 1 Clock 

*Buffered Sync 
*Buffered DMA Request 1 
Ground 

“—15 Vde 

*User Spare 2 


~ *Buffered Bus Float 
.. “Buffered External Phase 0 Clock 


Ground — 
*Buffered DMA Request 2 


_ “Buffered Read/Write 


Buffered Bus Active 
“Buffered Non-Maskable Interrupt 
Ground 

Buffered Reset 

Buffered Data Bit 6 

Buffered Data Bit 5 

Buffered Data Bit 3 

Ground 

Buffered Data Bit 0 

Ground 
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Analog Input and Input/Output Modules 


Analog Input/Output Module Conversion Characteristics 


Characteristic 


Analog Inputs 
Number of Inputs (Header Selectable) 
Single-Ended 
Differential 
Input Voltage Ranges (Jumper Selectable) 
Unipolar : 
Bipolar 
Input (Bias) Current 
Input Impedance 
ON Channel 
OFF Channel 
Input Overvoltage 
Input Overvoltage Current 
Common Mode Rejection 
(Differential) (OC-60 Hz with 1K ohm source unbalance) 
Resolution 
Accurancy 
Gain error 
Unipolar offset 
Bipolar offset 
Linearity error 
Temperature Coefficients 
Gain 
Offset 


Differential Linearity (no missing codes over temperature range) 


Signal Dynamics 
Conversion Time (from read of most significant byte) 
12-Bit 


8-Bit 


Small-signal Bandwidth, 1% flatness 
Full Peak Response 
Analog Outputs 
Number of Outputs 
With Internal Reference Voltage 
Output Voltage Ranges (Jumper Selectable) 
Unipolar 
Bipolar 
With External Reference Voltage (V rer) 
Input Impedance 
Reference Voltage Range 
Output Voltage Gain Range (Jumper Selectable) 
Unipolar 
Bipolar 
Output Drive Current (+ 10V) 
Resolution 
Accuracy 
Gain Error 
Unipolar Offset 
Bipolar Offset 
Linearity Error 
Temperature Coefficients 
Gain 
Offset 


Differential Linearity (no missing codes over temperature range) 


Signal Dynamics 
Settling time to 0.05% FSR 
Output Stew Rate 
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Value 


16 
8 


0 to +5V, 0 to +10V 
+ 2.5V, + 5V, + 10V 
+ 50 nA (max.) (25°C) 


‘3 x 10° ohm, 50 pf 


1 x 10'° ohm, 20 pf 
+ V + 1t5V (max.) (+ V supply ON or OFF) 
15 ma (+ V + 15V) 


74 db (min.) 
12 bits (1 part in 4096) 


0.3% FSR (max., adjustable to zero) 
+ 110 mV (max., adjustable to zero) 
+ 150 mV max., adjustable to zero) 
0.1% FSR (max.) 


+ 50 PPM FSR /°C 
+ 60 PPM FSA /°C 
10 Bits 


35 s—typical 

45 ws—maximum 
25 ps—typical 

35 us—maximum 
50 kHz 

15 kHz 


2 


0 to +5V, Oto +10V 
+ 2.5V, + 5V, + 10V 


4.7K ohms + 5% 
+ 11V 


. Oto +.5 Vaer. 0 to Vaer: Oto 2 Vrer 


+ .25 Vace, + -5Vper, + Veer 
+5 mA (min) 
12 Bits (1 part in 4096) 





0.3% FSR (max., adjustable to zero) 
30 mV (max., adjustable to zero) 

60 mV (max., adjustable to zero) 
0.05% FSR (max.) 


+ 60 PPM FSR /°C 
+ 15 PPM FSR /°C 
10 Bits 


10 ws 
10 V/us 








RM65-5302E e RM65-5303E -__. Analog Input and Input/Output Modules 
SPECIFICATIONS OS ; 


Parameter 


Dimensions (4, 2, 3) ; 
Width 100 mm (3.94 in.) 
Length 160 mm (6.3 in.) 
Height 14 mm (0.56 in.) 


Weight 156 g (5.5 02.) . 


Environment ! : 
’ Operating Temperature Octo 70°C 
Storage Temperature —40°C to +85°C 
Relative Humidity 0% to 85% (without condensation) : 


Power Requirements 
Analog Input/Output (RM65-5303E) +5 Vdce + 5% at 425 mA—typical, 675. mA—max. 
etaeee +15 Vde + 5% at.30 mA—typical, 60 mA—max. 
—15 Vde + 5% at 40 mA—typical, 80 mA—max. 
Analog Input (AM65-5302E) +5 Vde + 5% at 425 mA—typical, 675 mA—max. 
+15 Vde + 5% at 12 mA—typical; 25 mA—max. 
—15 Vde + 5% at 25 mA—typical, 50 mA—max. 


Coriiectors 
AM 65 Bus Connector, Fl 64-pin plug (0. 100 in: centers) per DIN 41.612 (Row b not installed) —mates 
i with Bumdy P196B32RO0A00L-9' or equivalent. 
VO Connector I ‘| 40-pin mass termination. (0. 100 in. centers)—mates with Burndy 
: FRS40BS4P connector or equivalent. 


Notes: 
1. Height includes the maximum values. for component height above the board surface (0.4 in. for populated modules), poled ‘circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module. (0: 1:in.)..- 
. Length does not include the added extension due to the module ejector. 
. Dimensions eon to DIN. 41612, 


















LENGTH MATING 
MOTHERBOARD 
AND RECEPTACLE 
4a EUROCARD CONNECTOR 
COMPONENT AREA 
i ":- Module Dimensions 
EUROCONNECTOR 
* iil ie EXTENSION 


Module Dimensions 


a) HEIGHT 
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RM65-5451E 
RM 65 Microcomputer Family 


RM65-5451E | 
RM 65 ASYNCHRONOUS COMMUNICATIONS | 


INTERFACE ADAPTER (ACIA) MODULE 





RM 65 MICROCOMPUTER MODULES 


The RM65-5451E ACIA Module is one of the hardware options 
available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for.a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module interfaces two independent, asyn- 
chronous serial /O channels to the RM 65 Bus. Each channet 
may operate as a data termina! or a data set, as selected by 
jumpers on the module. Both RS-232C and 20 ma TTY current 
loop interfaces are provided on Channel No. 1. An RS-232C 
interface is provided on Channel No. 2. 


Each I/O channel performs serial-to-parallel and parailel-to-serial 
data conversions using an R6551 Asynchronous Communica- 
tion Interface Adapter (ACIA). Both receiver and transmitter may 
operate with a programmable word length of 5, 6, 7, or 8 bits. 
Further, each channel can transmit and receive at 15 different 
program-selectable rates, between 50 and 19,200 baud. The 
receive rate is the same as the transmit rate. 


Document No. RMA65N08 
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FEATURES 

Compact size—Approximately 4” x 6%” (100 mmx 160 mm) 
Buffered address, data and control lines 

Two independent channels 

On-board 1.8432 MHz crystal frequency reference 


Programmable baud rate selection of 15 different rates (50, 
75, 109.92, 134.58, 150, 300, 600, 1200, 1800, 2400, 3600, 
4800, 7200, 9600, or 19,200 bits per second) 
Programmable control of: 

—Word length (5, 6, 7 or 8 bits) 

—Number of.stop bits (1, 1%, 2) 

—Parity (odd, even or none) 

Address select switch allows the starting address of the serial 
channel I/O to. be assigned to a page boundary. 


® On-board DC/DC Converter allows +5V only operation for 
RS-232 interface. 


ORDERING IN FORMATION 


RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module 


Description 


Aaprenionols Communications Interface 
nia sl (ACIA) Module User's Module 













FAM65-5451E Asynchronous Communications 
Interface Adapter (ACIA) Module 


Data Sheet Order No. RM08 
Rev. 2, June 1983 








RM65-5451 E ACIA Module 





FUNCTIONAL BESGRIETION Two R6551 ACIA devices convert data from serial-to-parallel 

format for input to the RM 65 Bus: and from parallel- -to-serial 
format for output from the bus. Each.ACIA device contains a 
programmiable control register to allow. baud rate, word. length 
‘and the number of stop bits to be. programmed. A: command 
register allows ACIA interrupt and parity modes to be specified 
under program control. A status register may: be interrogated to 
determine the status.of the data:transfer and the cause for an 
interrupt request. 


The Data Transceivers invert and transfer 8-bits of parallel data 
between,the R6§51 ACIA devices and.the RM 65 Bus. depending 
on the state of the’ transceiver enable ‘and read/write signals. 
During a write operation, the data received from the bus are 
written into the addressed ACIA device. During a read opera- 
tion, the data read from the addressed ACIA device are driven 
onto the bus. When the ACIA module is not addressed, the 
transceivers are disabled. 


The RS-232 Interface circuit contains line receivers a. line 
dtivers, to convert signals from interria! TTL levels to external 
RS-232C levels. Jumpers are’ provided to specify Data Set or 
Data Terminal operation. Jumpers are also provided to simulate 
RS-232 control signals that are not available from the interfacing 
equipment. 


The Address Buffers invert and transfer the three least signifi- 
cant address lines to the ACIA devices. Two lines generate the 
register address while one. line selects one of the two ACIA 
devices. 


The Control Buffers invert.and drive the bank address, clock 
and read/write signals:from the bus onto the module and drive Opto- -couplers in the TTY Interface circuit provide 20 ma current 
the bus active and interrupt request lines onto ‘the bus. loop sourcing and sinking, between ‘the ACIA module and an 


xternal TTY. 
The ACIA module may be assigned to common ‘banks (both tices 


Bank 0 and Bank 1} or to a. dedicated. bank (either Bank 0 or 
Bank 1), depending on the Bank Select and Bank Select Enable 
switch positions. The Bank Select Control circuit detects when 
the ACIA: module is bank-addressed, by comparing the bank 
address.control'signal from the RM 65 Bus with the Bank Select 
switch position. if a match occurs and the Bank Select Enable. 
switch is on, base address decoding is enabled.. 


A 1.8432 Mhz -erystal. generates the data transmission fre- 
quency reference, which the ACIA devices convert to the desired 
baud rate under program control. 


The pene Converter generates 212 Vide from +5 Vde. for 
RS-232 operation. 


The Base Address Buffer/Comparator buffers the eight most Power Source For TTY Operation 


significant address lines from the bus and compares them to For TTY operation, the +12 Vdc must be obtained from the RM 
the Base Address Select switches. When a match occurs, the 65 Bus, by removing the DC/DC voltage converter and installing 
ACIA module ‘is enabled. two jumpers. 





DATA 









CLOCK AND CHANNEL 1]. 




























































| og |] CHANNEL 1 ; CHANNEL 7 
; RGS51 RS-232C RS.232C 
CONTROL - > 
CONTROL ACIA INTERFACE CONNECTION 
BUFFERS 
MONITOR 
CHANNEL 1 
TTY 
INTERFACE CONNECTION 
BANK BANK 1:8432 MHZ | Eigen . 
ADDRESS SELECT — CRYSTAL 
CONTROL “BANK 
SELECT OSCILLATOR 
ENABLE 
-_ SWITCH 
BASE 
BASE |: ADDRESS 
ADDRESS.’ SWITCHES 
DECODER . : . 
CHANNEL 2 - 
ADDRESS RS-232 
CONNECTION 






ADDRESS 

BUFFERS 
pc/pc 
CONVERTER 


+5V +12V 


RAM65-5451E ACIA Module Block Diagram 
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AM65-5451E 








Pin 


la 
2a 
3a 
4a 
5a 
6a 
7a 
8a 
9a 
10a 
dla 
12a 
13a 
14a 
15a 
18a 
17a 
18a 
19a 
20a 
21a 
22a 
23a 
24a 
25a 
26a 
27a 
28a 
29a 
30a 
31a 
32a 


"Note: 


Signal 


Mnemonic 


GND 
BADR’ 
GND 
BA13/ 
BAI1/ 
BA10/ 
BAa/ 
GND 
BA5/ 
BAY 
BA2/ 
BAQ/ 
GND 
BSO 


‘BRODY 


+12V/+V 
GND 
BOMT/ 
BR/W/ 
GND 
BIRQ/ 
Bp2/ 
Bg2 
BD7/ 
GND 
BD4 
BD2/ 


BD1/ 
+5V 


Bottom (Solder Side) 


Signal Name 


Ground ; 
Buffered. Bank Address 
‘Ground .. 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Guna Ore 


| *Buffered Address Bit 5 


“Buffered Address Bit 3 
Buttered Address Bit 2 
Buffered Address Bit 0 
Ground 

*Buffered Set Overflow 

*Buffered Ready 


“User Spare 1 


+12 Vde/+V 
Ground Line 


*Buftferad DMA Terminate 


“User Spare 3 


Buffered Read/Write “Not” 
| *System Spare. 


Ground 


Buffered Interrupt Request 
Buffered Phase 2 “Not” Clock 


*Buffered Phase 2 Clock 


’ Buffered Data Bit 7 


Ground . 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 


*Not used on. this module. 


Pin 


AON — 


0 Connector J2 and J3—RS-232 


’ Signal 7 
; Mnemonic - Signal Name : 





















, Joinputh {7 
Output Pin 
: 1c 


ACIA Module ~ 


.. RM 65 Bus Pin Assignments 
‘ — Top (Component Side) 


Signal = 
Mnemonic Signal Name 
+5 Vde | 
' Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Addrass Bit 12 
Ground : 
Buffered Address Bit 9 
“Buffered Address Bit 7 
““Butfered Address Bit 6 
"Buffered Address Bit 4 
_ Ground 
Buffered Address Bit 1 
"Buffered. Phase: 1 Clock 
“Buffered Sync . 
Buffered DMA Request 1. 
Ground 
—12 Vde/—-V © 
“User Spare 2 
“Buffered Bus Float 
“Buffered External Phase 0 Clock 
Ground 
*Buffered DMA Request 2 
"Buffered Read/Write 
Buffered Bus Active < 
*Buffered Non-Maskable Interrupt 
Ground , 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground os 
Buffered Data Bit 0 
Ground 


YO Connector J1—TTY Interface 










Signal Name Input/Output 


Request-To-Send 
Transmit.Data 
Receive Data 
—12 Vde 


Interface 














Input/Output 
Data Terminal 





Data Set 


Ground © 
Transmit Data 
Receive Data 
Request-To-Send 
Clear-To-Send 
Data-Set-Ready 
Ground 
Data-Carrier-Detected 
Not Used } 
Data-Terminal-Ready 
Not Used 
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RM65-5451E ACIA Module 
SPECIFICATIONS 


Parameter Value 


Dimensions (1, 2, 3) ; 
Width 3.9 in, (100 mm) 


Length 6.3 in. (160 mm} 
Height , 0.56 in. (14 mm) 


52 08 (1459) 


Environment 
Operating Temperature 0°c to 70°C 
Storage Temperature —40°C to +85°C 
Relative Humidity 0% to 85%, without condensation 





Power Requirements 
RS-232 interface Operation, with pe/oc Converter +5 Vdc +5% @ 0.4A (2.0W)—Typical 
0.7A (3.5W)—Maximum 
. +5 Vde +5% @ 0.5A (2.5W)—Maximum 
+12 Vde + 10% @ 0.12A (1.4W)—Maximum 
TTY Operation, without DC/DC Converter -—12 Vde +10% @ 0.12A (1.4W)—Maximum 


interfaces 
AM 65 Bus ; 64-pin plug (0.100 in. centers) per DIN 41612:(Row b not installed) 


VO Interface 
RS-232 26-pin mass termination connector (0.100 in. centers) 
TTY : 4-pin plug (0.156 in. centers) 





Notes: “ , ‘ 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thicknass (0.062 in:), and pin extension through the bottom of the module (0.1 in.). 

2, Langth does nat include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 


6: e IN. " MATING 
(172 MM) "| MOTHERBOARD 
ANDO RECEPTACLE 
——— ; 
! 





EUROCARD CONNECTOR 
COMPONENT AREA 






HEIGHT (es ee eel 





EUROCONNECTOR 
EXTENSION: 


Module Dimensions 
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RMe5-7004 
RM 65' Microcomputer Family 


RM65- 7004E AND RM65- 7004NE 


| RM 65 4-SLOT PIGGYBACK MODULE STACK 


Rockwell 


AND MOTHERBOARD 





RM 65 MICROCOMPUTER MODULES 
The RM65- 7004E 4 Slot Piggyback Module Stack (PMS) and 


“RM65-7004NE Motherboard ; is. one of the hardware options. 


available for the RM 65. Microcomputer Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design: and low cost. 
Software for RM 65 systems can be developed in A6500 
Assembly Language, PL/65, BASIC ‘and FORTH. Both BASIC 
‘and FORTH are available in ROM. and can be incorporated into 
the user's system. | 


“RM 65 module products. use a motherboard interconnect con- 
cept and. accept. any card in any slot. The 64-line RM 65. Bus 
_Offers memory addressing up to 128K bytes, high immunity to 


- electrical noise: and includes growth provisions. for. user func-. 


.tions. A set of card cages allows a broad variety of packaging 


_options. RM 65 products may also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development and 


desktop MmlcreeemnPste! applications. 


: PRODUCT OVE RVIEW- 


The 4- Slot Piggyback Module Stack (PMS): consists of a “4-slot 
RM 65 Bus compatible motherboard in a card cage. Memory, 
VO or special functions may be added to the AIM 65 Microcom- 
'- puter by Use of the PMS: When connected to the AIM 65 Master 
‘Module through the Buffer/Adapter Module, the: PMS may be 


mounted over, under, or behind the AIM 65 Master ‘Module in. 


a. variety of orientations to meet unique application tequire- 
ments. The form factor of the PMS allows’ low profile placement 
_ina table top or terminal style enclosure: 


The 4- Slot Motherboard : is a printed circuit board (PCB) less 


. four connectors, mini-terminal strip, four. mounting blocks used . 


-to fasten the PCB to the card cagé. Connectors, mini-terminat 


‘'strip and custom mounting blocks | can easily be added to meet 


unique installation requirements. | 


. Document No. RMA6S5 NO5 
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FEATURES 


4- slot card cage with integral module guides 
- Rugged, ‘but tightweight construction 
Accepts axial module cooling fan 


Screw-down terminals for connecting external power (+5¥, 
+12V/+V, —12V/-V, GND) 


Predrilled holes for various mounting configurations 
e Assembled, tested and warranted 


ORDERING INFO RMATION 
: Bescrbtian E 


2 _ 4-Slot Piggyback, Modulé Stack 
4, Slot Motherboard .. 








'RM6S-7004E 4-Slot Piggyback Module.Stack (PMS) : 


Data Sheet Order No. RM05 
Rev. 3, June 1983 | 





RIM65-7004EeRM65-7004NE  4-Slot Piggyback Module Stack and Motherboard 


RM 65 Bus Pin Assignments 























: Bottom (Solder Side) : . Top icompanent Side) 
Signal si [ : "Signal 
Pin ', »Minemonie 1, Signal Name Mnemonic __ Signa Name ns 





GND Ground. . +5V sack *, 
BADFY ‘Buttered Bank Address -2¢ BA15/ Buffered Address Bit 415 
GND Ground 3c BAI4 Buffered. Address Bit: WA... °. 
BAIS Buffered Address Bit 13 4c BA12/ Buffered ‘Address Bit 12 
_BA11/ Buffered Address Bit 11 5c¢ GND Ground 
BA10/ Butfered Address Bit 10 6c BA9/ Buffered Address Bit 9 
BAS/ Buffered Address Bit 8 7c _ BA7/ |. Buffered Address Bit 7° 
GND . Ground . 8c ’ BAG/ * Buffered ‘Address Bit 6. 
BAS/ ‘Buffered Address Bit 5 9c BA4 ; Buffered Address Bit 4 
‘BAY Buffered Address Bit 3 10c GND Ground me 
BA2/ ‘Buffered Address Bit 2 tte BA1/ Buffered Address Bit 1 
BAO/ - Bufferad Address Bit 0 12c Bt Buffered Phase“ Clock. 
GND Ground 13¢ BSYNC Buffered Sync 
BSO . Buffered Set. ‘Overtiow 14c “BDRQ1/ " Buffered DMA Beer 1 
BRADY Buffered Ready 15¢ .. GND | Ground . 
- - User Spare 1 16¢—O«; —12M/-V —12 Vde/-—V 
+12Wi4V -°: +42 Vde/+V - 17¢ = |. -User Spare 2 
GND — Ground Line © 18¢ _BELT/ | ‘Buffered Bus Float 
BDMT/ Buffered DMA Terminate 19¢ Bgo. | Buffered External Phase 0 Clock, 
User Spare 3 20c GND Ground 
Buffered Read/Write “Not” 21¢ BDRQ2/ Buffered DMA Request 2 . 
System Spare S, 22c BRIW Buffered Read/Write |”: 
Ground Se 23c | BACT/ > - * Buffered Bus Active ~ 
Buffered Interrupt. Ragusa 24c¢ | BNMI |; Buffered Non- Maskable irr 
Buffered. Phase 2 “Not” Clock 25c GND 4". Ground, 
' Buffered Phase 2 Clock 26c BRES/ -” Buffered. Reset -.- .# 
Buffered Data Bit 7 27 BD6/ - . Buffered Data Bit 6 *- 
Ground ©. 286. : BD5/ 4. .,Buffered Data Bit 5 ee al 
Buffered Data Bit 4 29c BD3/ Buifered Data Bit 3 
Butfered Data Bit 2 30c GND _,Ground , 
Buffered Data Bit 4 31c BDO/ Buffered Data Bit 0 
+5 Vde 32¢ GND Ground 
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, RM65-7004E e RM65-7004NE 


MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 


Connect power to TB1. The power lines should be long enough - 


to allow the PMS to be oriented: and’positioned as required. 


WARNING . ~ 
The external power supplies must be turned off before 
‘connecting to TB1. 


. Connect +5V from an external power supply to the terminal 
marked “+5". “+5” is connected to all +5V pins on all 
module receptacles. 


a. 


. Connect GND from the power supply to either terminal marked 
“G”. Both of these terminals are connected to all GND pins 
on all module receptacles. 


Ss 


a 


. Connect +12V/+V from.an external power supply to, the ter- 
minal marked “+V". “+V" is connected to Pin 17a on each 
module receptacle. 


a 


. Connect GND from the +12V/+V power supply to either “G” 
terminal. 


( 


. Connect —12V/—V from an external power supply to the ter- 
minal marked.“ —V”. “—V" is connected to Pin 16c on each 
module Ree lagiepe 


’ 


ee 


Connect GND trom the: =1ev- Vv power supply to. either “G" 
terminal. - 


Install the PMS in the ‘sake position. Mounting holes are pro- 
vided to allow attachment at the top or bottom of the PMS. 
"CAUTION 
Ensure that neither the left nor right side’ of the PMS i is 
blocked such that the flow of forced cooling air is impeded. 
NOTE 


ifthe PMS is positioned.on the AIM 65 Master Module, 
ensure that the PMS feet rest in areas free of components. 


al 


_ Attach an axial cooling fan to the: left side of the PMS. Connect 


the cooling fan power leads to the required power supply. _ 


the following 3% inch . cooling fans or. equivalent are 
“peer nenged: , 3 - 


Manufacturer—ETRI Inc 


® Model 760-99XW-182-414 1° 
7 41s Vac, ‘60/60 Hz, 6 watts. 
_, 2500. RPM;: ‘30 CFM 

10 0z. | I 
© Model 760-99XW-181-11220* 
220 Vac, 50/60 Hz, 6 watts 
- 2500 RPM, 30 CFM 

10 oz. 


e 


"Rlequires plug- in power cord, 30" long—Model 760: 9601-6. 
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Manufactu rer—ROTRON ine 


Model WA2F79"* 

415 Vac, 50/60. Hz, Us watts 
3000 RPM, 33 CFM © 

9 oz. 


“Model WA2F77"* 


220 Vac, 50/60 Hz, 13 watts, 
3000 RPM, 33 CFM 
9 oz. 


**Includes two 6” power leads. 


NOTE 


ETRI Finger guard Model 760-9901-43 may be need with 
any of these fans, 


Install a module in the PMS as follows: 


Remove : a module from the PMS as folows: 


: removing a module. 


CAUTION 


Power must be turned off to the PMS motherboard before 
installirig a. module. 


. Position the module, component sidé up, in front of the 


desired card slot. 


Card slot'No. 1 (top-most slot) has 0.85. inch of ‘¢omponent’ 
clearance whereas the other three slots: are on 0.6 inch cen- 
ters. If a module is higher than 0.4 inches above uu surface. 
of the module, install it.in card slot No. 1.- a : 


. Insert the module into the ‘card guide and slide the module 


straight in until it touches the mating motherboard receptacle. 


NOTE 
The card:slot guides may be snug on the inserted module. 


. Ensure that the module ‘connector: is positioned properly 


against the mating receptacle. 


. Press. in firmly on the exposed edge of the module unt itis. 


firnly:s seated. 


{CAUTION ee 
Remove, ‘power ne the “PMS. ‘mothetboard betore 





. Lift up on the odie ejector tab, it installed; otherwise grasp 


the exposed edge of'the module ‘and pull, to release the - 


ce module from the mating TecarAacie: 


. Pull the module. Straight back until it is free ori the card slot 


guides. 
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4-CONNECTOR MOTHERBOARD 
ASSEMBLY | Te, 

The RM65-7004NE 4-slot motherboard can be assembled as 
follows: 

a. Install up to four module connectors (receptacles) from the 


front of the PCB. Be sure to observe correct connector ori- 
entation. The following connectors or their equivalent, may 


be used: | 


Manufacturer 





Burndy Corporation 
Norwalk, CT 06856 


P196B32R00K00K9 


968-6033-0531-3 f . .Winchester Electronics 
oF Oakville, CT 06779 


00-8257-096-649-124 Elco Corporation 
Huntington, PA 16652. 








7.25 REF 
(184.2 MM) 






650 
(165.1 MM} 










3.666 REF‘ | 
(97.3 MM), 





1.106 
© (28.1MM} TOP VIEW 


MOTHERBOARD 


a.00 
{203.2 MM) 





3,248 
{82.5 MM) 






LOWER FAN MOUNTING TABS THIS SIDE ONLY 


‘LEFT SIDE VIEW * 


 4-Slot:Piggyback Module Stack and Motherboard 


b. Solder the receptacle pin connections to the back of the 
PCB. poe : | 


c. Install the mini-terminal strip to the power supply connection 
holes from the back of the PCB. 


d. Solder the mini-terminal strip teads to the front of the PCB. 


INSTALL MODULES FROM 


“THIS END 








0.8 
(20.3 Mim) 


3.1 REF 


(78.7 MM) (90.2 MM) 





Ss 
(21.6 MM) 





0.6 
(15.2 MM} 
TYP.3 PLACES 






166 DIA 
(4.2 MM) 
4PLACES 0.15 
{3.8 MM) 
END VIEW 


4-Slot Piggyback Module Stack and Motherboard 
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AMG5-7004E « RM65-7004NE_ —4-Slot Piggyback Module Stack and Motherboard 
;PECIFICATIONS, | : 











' Parameter oa - “Value 
RM65-7004E 4-Siot PMS Dimensions : . - 
Width © 4.96 in. (126 mm) 
Length } 8.00 in. (203 mm) 
. Height 3.89 in. (99 mm) 
Weight : 13 oz. (370 g) 
Module Separation . i 
Slot 1: Centerline to Inside Top Cover 0:85 in. (22 mm) 
Other Slots: Centerline to Centerline 3S 0.6 in, (15 mm)": 
RM65-7004NE Motherboard Dimensions 
Width 3.938 in. (100 mm) 
Length 2.562 in. (65.1 mm) 
Height 0.062 in. (1.6 mm) 
‘Hole Size . 
Uncoded . 0.037 in. (0.940 mm) dia. 
A 0.044 in. (1.12 mm) dia. 
B 7 0.128 in, (3.25 mmm) dia. 
BRES. GND GND +V GND V 


AY 


BRONYTON -OGQRrun ON o 
n> AHSABRSRSVN ASABE EB SONS a, oem nex 


,20000000000000000000 00000000000 00000 ¢ 
20000 00000000000000000 000000 00000000 A 














100000000 000000 0000000000000000000000|c 
2 os . : 

| C0000 00000000000 00060000000000000000| 
ad. ie 
|00000000000000000000 00000000000 00000 {40.2 MM) 
].0000000000000000000000 00000000600000 ye 
| 100000000600000 0000000000000000000000 |c 
}4 | 
190000 00000000000 200000000000 00000090}.4 


: 2.562 
(65.1 MM) 












1.600 


400 (40.6 MM) 





















3.662 
(92.0 MM)" 


3.938 
(100 MM) 


RM65-7004NE 4-Slot Motherboard (Rear View) 
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RM65-7008 

RM 65 Microcomputer Family 

ge RM65-7008E AND RM65-7008NE 
RM 65 8-SLOT CARD CAGE 

Rockwell AND MOTHERBOARD 










RM 65 MICROCOMPUTER MODULES FEATURES 


The RM65-7008E 8-Slot Card Cage and RM65-7008NE 8-Siot 8-slot card cage with integral module guides 


e 
Motherboard is one of the hardware options available for the e Rugged, but lightweight construction - 
RM 65 Microcomputer Module family. e Accepts axial module cooling fan 
RM 65 Microcomputer Module products are designed for OEM e Screw-down terminals for connecting external power (+5V, 
f SpuuToae Nie eae +12V/+V, —12V/—V, GND) 
‘and end user microcomputer applications requiring state-of-the- eam ; : : ; 
art performance, compact size, modular design and low cost. @ Predrilled holes for various mounting configurations 
Software for RM 65 systems can be developed in R6500 e Assembled, tested and warranted 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC e Removable jumpers on motherboard support +12V as well 
and FORTH are available in ROM and can be incorporated into as +V. 


the user's system. 


RM 65 modules use a motherboard interconnect concept and ORDERING INFORMATION 
accept any card in any slot. The 64-lineé RM 65 Bus offers 


memory addressing up to 128K bytes, high immunity to elec- 
8-Slot Card Cage 
_ &-Slot Motherboard 


PartNo. 


" RM65-7008E 
| FM65-7008NE 






trical noise and includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. : 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development-and desktop 
microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-7008E 8-slot Card Cage consists of an 8-slot RM 65 
Bus compatible motherboard in a card cage. Memory, V/O or 
Special functions may be added-to the AIM 65 Microcomputer 
by use of the 8-slot card cage. When connected to the AIM 65 
Master Module through the Buffer/Adapter Module, the card 
cage may be mounted over, under, or behind the AIM 65 Master 
Module in a variety of orientations to meet unique application 
requirements. The form factor of the 8-slot card cage allows low 
profile placement in a table top or terminal style enclosure. 


The RM65-7008NE 8-Slot Motherboard is a printed circuit board 
(PCB) tess eight connectors, three filter capacitors, two mini- 
‘terminal strips and eight mounting blocks used to fasten the 
PCB to the card cage. Connectors, mini-terminal strips, filter 
capacitors and custom mounting blocks as needed can easily 
be added to meet unique. installation requirements. RM65-7008E 8-Slot Card Cage 








Document No. RMA65N09 Data Sheet Order No. RM09 
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RM 65 Bus Pin Assignments 


.Bottom (Solder Side) - 





Signal Name — 


GND Ground 
BADR/ Buffered Bank Address 
GND Ground 
BA13/ Butferad Address Bit 13 
BA11/ Buffered Address Bit 11 
BA10/ Buffered Address Bit 10 
BAS/ Buffered Address Bit 8 
GND Ground 
BAS/ Buffered Address Bit 5 
BA3 Butfered Address Bit 3 
BA2/ Buffered Address Bit 2 
BAO/ Buffered Address Bit 0 
GND {| Ground 
BSO Buffered Set Overflow 
BROY Buffered Ready 
User Spare 1 
+12V/+V +12 Vde/+V 
GND Ground Line 
BOMT/ Buffered DMA Terminate 
User Spare 3 
BR/W/ Butfered Read/Write “Not” 
System Spare 
GND Ground 
BIRQ/ Buffered Interrupt Request 
Bg2/ Buffered Phase 2 "Not" Clock 
Bg Buffered Phase 2 Clock 
BD7/ Buffered Data Bit 7 
GND Ground 
BD4/ Buffered Data Bit 4 
BD2/ Buffered Data Bit 2 
BD1/ Buffered Data Bit 1 
+5V +5 Vde 





MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 


Connect power to TB1 and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and posi- 
tioned as required. 


WARNING 


The external power supplies must be turned off before 
- connecting to TB1 or TB2. 


a. Connect +5V from an external power supply to either ter- 
minal marked “+5”. “+5” is connected to all +5V pins on 
alt module receptacles. 


b. Connect GND from the power supply to either terminal marked 
“G”. Both of these terminals are connected to all GND pins 
on all module receptactes. 


c. Connect +12V/+V from an external power supply to the ter- 
minal marked “+V”. “+” is connected to Pin 17a on each 
module receptacle. , 
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Top (Component Side) 


Signal 
Mnemonic Signal Name 


+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Bufferad Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
_ Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 
Buffered OMA Request 1 
Ground 
~12 Vdce/-V 
. User. Spare 2 
Buffered Bus Float = 
Buffered External Phase 0 Clock 
Ground 
Buffered DMA Request 2 
Buttered Read/Write 
Buffered Bus Active 
Buffered Non-Maskabie Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 


NOTES 


Hf both +12V and +V (e.g., +15V) are required, remove 
the soldered jumper corresponding to pin 17a between. 
receptacle 6 and 7 on the soldered side of the mother- 
board. Connect + 12V to TB1 if six or less modules require 
+12V, or to TB2 if more than six modules require +12V. 
Connect +V to the other terminal strip. 


lf the jumper has been removed and only one voltage is 
required (i.e., +12V or +V), connect the power lead to 
both TB1 and TB2. 


. Connect GND from the +12V/+V power supply to either "G” 


terminal. 


. Connect —12V/—V from an external power supply to the ter- 


minal marked “—V”. “—V” is connected to Pin 16¢ on each 
module receptacle. 
NOTES 


lf both —12V and —V (e.g., —15V) are required, remove 
the soldered jumper corresponding to pin 16c between 
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receptacle 6 and 7 on the soldered side of the mother- 
board. Connect —12V to TB1 if six or less modules require 
~12V of to TB2 if more than six modules require —12V. 
Connect —V to the other terminal strip. 


lf the jurnper has been removed and only one voltage is 
required (i.e., —12V-or —V) connect the power lead to 
both TB1 and TB2. 


f. Connect GND from the —12V/-—V power supply to either “G” 
terminal. : 


Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the. card 
cage. 


CAUTION 
Adequate cooling must be provided to keep the temper- 


ature of the installed modules within specified operating 
limits. . 


‘Install a module in the card cage as follows: 


‘CAUTION 
Power must be turned off to the card cage motherboard 
before installing a module. 


a. Position the module, component side facing TB1 end, in front 


of the desired card slot. 


Card slot No. 1 (slot closest to TB1) has 0.85 inch of com- 
ponent clearance whereas the other fifteen slots are 0.6 inch 
centers. lf a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1. 


SPECIFICATIONS 








Parameter 


&-Slot Card Cage Dimensions 
Width 
Length 
Height 
Module Separation 
‘Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 





&-Stot Motherboard Dimensions 
Width | 
Length 
Height 


Hole Size 
Uncoded 
A 
B 


8-Slot Card Cage and Motherboard 


CAUTION 


lf +12V and +V have been connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
+12V or +V are installed in the slots corresponding to the 
proper voltage. 


b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 
NOTE 
The card slot guides may be snug on the inserted module. 
C. Ensure that the module connector is positoned properly 
against the mating receptacle. 
CAUTION 


A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacte and/or the module. 


d. Press in firmly on the exposed edge of the module until it is 


firmly seated. 
Remove a module from the card cage as follows: 


CAUTION 


Remove power from the card cage motherboard before 
removing a module. 


a. Lift up on the module ejector tab, if installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module fram the mating receptacle. 


b. Pull the module straight back until it is free from the card slot 


guides. 


4.96 in. (126 mm) 
8.00 in. (203 mm) 
6.40 in. (162.6 mm) 


0.85 in. (22 mm) 
0.6 in. (15 mm) 


1 Ib. 6 oz. (624 g) 


3.938 in. (100 mm) 
§.725 in. (145 mm) 
0.062 in. (1.6 mm) 


0.037 in. (0.940 mm) dia. 
0.044 in. (1.12 mm) dia 
0.128 in. (3.25 mm) dia. 
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7.25 REF 
a (184.2 MM) 


6.50 

(165.1 MM) 
= : INSTALL MODULES FROM 
THIS END 
















3.856 REF 

(97.9 MM) 4 PLACES 
-166 DIA 
(4.2 MM) 





1.106 
(26.1 MM} TOP VIEW 


MOTHERBOARD 


8.00 5 : 
~— (203.2 MM) 
166 DIA 
{4,2 MM) 
4 PLACES 
(==) 





4.96 
(126 MM) 0.2 
(5 MM) 


85 
(21.6 MM) 






0.6 
(15.2 MM) 
TYP 7 PLACES 





6.4. 
(162.6 MM) 





LEFT SIDE VIEW END VIEW 


8-Slot Card Cage Dimensions 
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8-SLOT MOTHERBOARD ASSEMBLY b 
The RM65-7008NE 8&-slot motherboard can be assembled using 
the printed circuit board as follows: 
a. Install up to eight module connectors (receptacles) from the e 
front of the PCB. Be sure to observe correct connector or'- 
entation. The following connectors or their equivalent, may 
be used: 
. Part No. _ Manutacturer d. 
P196B832R00K00K9 ‘Burndy Corporation 
Norwalk, CT 06856 e. 
96S-6033-0531-3 Winchester Electronics 
Oakville, CT 06779 
00-8257-096-649-124 Elco Corporation 
Huntington, PA 16652 f 








8-Slot Card Cage and Motherboard 


. Solder the receptacle pin connections to the back of the 


PCB. 


Install three 100 ufd, 25 Vdc capacitors from +5V to GND, 
+V to GND, and —V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 


Solder the capacitor leads to the back of the PCB. 


Install one or two miniterminal strips to the power supply con- 


- nection holes from the back of the. PCB. 


Solder the miniterminal strip leads to the front of the PCB. 





BRES. GND 5 GND +V GNO 


NONGG EE 


QarontoOneogonren yONTO 
ANAA NANA AN voce 











n>Gaa 


e.- 








| 
j 
| 
io 

& 





8 
60000 00000 000000 000000000000000000 


eo meres 
Lo oH reo O41 
tone I 





+5 GND +v GND 





3,462 
(92.0 MM) 


Vs eS 





3.938 
(100 MM) 


oOm ‘worn ‘wexd 
,900060009900800000000000000000000000 ¢ 


029000 600 00000000000 000000000 00000000 4 


60000000 0000000009009000000000000000000 
0000000000 000000000000000000 QODOOCOOJA 


9000000000000000000000000000000 00000 
000000000000 000000000 000000 D0DDOOOOIA 


|9 0000000 000009 00000000000000 00000000 
[ ecoes 9090009000000 0060000000006 00000000. 


looooo0ee 900000000000 00000000000 90000 
+00000000 90000000000 9990 000000 a 


{90000000000000000000 00000000000 "ef 
6 
o0000000000G0000000000000006 00000000 


{00000000000 00000000000000000000 90000 
7 
0000000000000000000000 Co0000 690000000 


4990000000000000 00000000000000 00000000 c 


c 





c 





7 


c 
A 











5.726 — 
{145.4 MM) 








2,600 


c (71.1 MM) 


A 











1.600 


c age mm) (40.6 MM) 


at 


rs 
(12.7, MM) 














RM65-7008NE 8-Slot Motherboard (Rear View) 
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RM65-7016 
AM 65 Microcomputer Family 






ge | RM65-7016E AND RM65-7016NE 
, RM 65 16-SLOT CARD CAGE. 
Rockwell AND MOTHERBOARD 


-RM 65 MICROCOMPUTER MODULES FEATURES 
The RM65-7016E 16-Slot Card Cage and RM65-7016NE Moth- e 16-slot card cage with integral module guides 
erboard are one of the hardware options available for the RM e Rugged, yet lightweight construction 


65 Microcomputer Module family. e Screw-down terminals for connecting external power (+5V, 


+12V/+V, —12V/—V, GND) 


RM 65 Microcomputer Modules products are designed for OEM Predrilled holes for various mounting configurations 


and end user microcomputer applications requiring state-of-the- 


art performance, compact size, modular design and low cost. Assembled, tested and warranted 

Software for RM 65 systems can be developed in AG500 e Removable jumpers on motherboard support + 12V as well 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC as + V. 

and FORTH are available in ROM and can be incorporated into 

PIS Upet Sey eta ORDERING INFORMATION 










RM 65 modules use a motherboard interconnect concept and 
‘accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. . Pe Bees ote 
RM 65 products may also be used with Rockwell AIM 65 and pe eee ae 
AIM 65/40 Microcomputers for product development and desktop ; 

microcomputer applications. 


RM65-7016E: 16-Slot Card Cage 
RM65-7016NE | 16-Slot Motherboard 









PRODUCT OVERVIEW 


The RM65-7016E 16-slot card cage consists of a 16-slot RM 65 
Bus compatible motherboard in a card cage. Memory, I/O. or 
special functions may be added to the AIM 65 Microcomputer 
by use of the 16-slot card cage. When connected to the AIM 65 
Master. Module through the Adapter/Buffer, the .card cage may 
be mounted over, under, or behind the AIM 65 Master Module 
in a variety of orientations to meet unique application require- 
ments. The form factor of the 16-slot card cage allows low profile 
placement in a table top or terminal style enclosure. 


The RM65-7016NE 16-Slot Motherboard is a printed circuit 
board (PCB) less 16 connectors, two mini-terminal strips, three 
fitter capacitors and 16 mounting blocks used to fasten the PCB 
to the RM65-7016E card cage. Connectors, mini-terminal strips, 
filter capacitors, and custom mounting blocks as needed can sh dabei ge Ene es? 
easily be added to meet unique installation requirements. RM65-7016E 16-Slot Card Cage 


Document No. RMA65N18 Data Sheet Order No. RM18 
Rev. 2, June 1983 
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RM 65 Bus Pin Assignments 


























Bottom (Solder Side) ake - Top (Component Side) 
Signal , ; Signal 
Mnemonic © Signal Name i Mnemonic Signal Name 
la - GND Ground ic +5V +5 Vde 
2a BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a . GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 . 6c BAQ/ Buffered Address Bit 9 
7a BA8/ Bufferad Address Bit 8 © 7 BA7/ Buffered Address Bit 7 
8a GND Ground 8c BAG/ Buffered Address Bit 6 
9a BAS5/: . Buffered Address Bit 5 9¢. BA4/ Buffered Address Bit 4 
10a BA3/ » Buffered Address Bit 3 10c GND Ground : 
tla BA2/ | Buffered Address Bit 2 11¢ BA1/ Buffered Address Bit 1 
12a BAO/ Buffered Address Bit 0 12¢ Bot - Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC Buffered Sync 
Ida. BSO Buffered Set Overflow 14¢ BDRQ1/, | Buffered DMA Request 1 
15a BRDY - Buffered Ready 15¢ GND | - Ground 
16a , __| User Spare 1 16¢ -12V/-V -12 Vde/—V 
17a - +12V/+V +12 Vde/+V 17¢ 7 User Spare 2 
18a GND ‘Ground Line 18 BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19¢ Bgo Buffered External Phase 0 Clock 
20a _ User Spare 3 20c—Ct; GND _ Ground 
21a BRW/ “Butfered Read/Write ' ‘Not” 21c BDRQ2/ Buffered DMA Request 2 
22a System Spare 22c BR/IW ‘| Buffered Read/Write 
23a - GND Ground. 23¢ BACT/ Buffered Bus Active 
24a BIRQ/ Buiferéd Interrupt Request 24c BNMI/ Buffered Non-Maskable Interrupt 
2a Bg2/ | Buffered Phase 2 “Not" Clock 25c GNO’ Ground 
26a Bg2 ' Buffered Phase 2 Clock 26¢ BRES/ Buffered Reset _ 
27a BD7/ Buffered Data Bit 7 27e BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
3la BD1/ Buffered Data Bit 1 3tc BDO/ Buffered Data Bit 0 
32a +5V +5 Vde 32c¢ GND Ground 
MOTHERBOARD CONNECTION AND NOTES . 
MODULE INSTALLATION 1. If both +12V and +V (e.g., +15V) are required, remove 
2 it the soldered jumper corresponding to pin t7a between 
Connect power ‘to TB1 and/or TB2, The power lines should be receptacle 3 and 4 on the soldered side of the moth- 
long enough to allow the card cage 10: be oriented and posi- erboard. Connect +12V to TB? if three or less mod- 
tioned as required. . ules require +12V, or to TB2 if more than three modules 


, require +12V. Connect +V to the other terminal strip. 
WARNING - 


The external power supplies must be turned off before 
connecting to TB1 or TB2. 


2. If the jumper has been removed and only one voltage 
is required (i.e., +12V or +V), connect the power lead 
to both TB1 and TB2. 


a. Connect +5V from an external power supply to either ter- 
minal marked “+5”. “+5” is connected to all +5V pins on 
alt module receptacles. 


d. Connect GND from the +12V/+V power supply to either “G” 
- terminal. 


e. Connect —12V/—V from an external power supply to the ter- 
minal marked “—V”, “—V” is connected to Pin 16c on each 
module receptacle. 


b. Connect GND from the power supply to either terminal marked 
“G”. Both of these terminals are connected to all GND pins 
on all module receptacles. 


c. Connect +12V/+V from an external power supply to the ter- NOTES 
minal marked “+V". “+V” is connected to Pin 17a on each 1. If both —12V and —V (e.g., —15V) are required, remove 
module receptacle. the saldered jumper corresponding to pin 16c between 
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receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect —12V to TB1 if three or fess mod- 
ules require —12V or to TB2 if more than three modules 
require —12V. Connect —V to the other terminal strip. 


2. If the jumper has been removed and only one voltage 
is required (i.¢., -12V or —V) connect the power lead 
to both TB1 and TB2. 


f. Connect GND from the —12V/—V power supply to either “G” 
terminal. 


install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the card 
cage. 


CAUTION 


Ensure that neither the left nor right side of the card cage 
is blocked such that the flow of forced cooling air is 
impeded. 


install a module in the card cage as follows: 


CAUTION 


Ensure that power is turned off to the card cage moth- 
erboard before installing a module. 


Ac. Position the module, component side facing TB1 end, in front 
of the desired card slot. 


Card slot No. 1. (slot closest to TB1) has 0.85 inch of com- 
ponent clearance whereas the other seven slots are 0.6 inch 
centers. If a module is higher than 0.4 inch.above the surface. 
of the module, install it in card slot No. 1. , 


SPECIFICATIONS 
Characteristic 
RM65-7016E Card Cage Dimensions 
Width 


Length 
Height 


Module Separation: © 
Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


RM65-7016NE Motherboard Dimensions 
Width 
Length 
Height 


Hole Size 
Uncoded 
A 
B 
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CAUTION 


lf £12V and +V have been connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
+12V or +V are installed in the slots corresponding to the 
proper voltage. 


b. Insert the module into the card guide and slide the module 
straight in until.it touches the mating motherboard receptacle. 


NOTE 
The card slot guides may be snug on the inserted module. 
c. Ensure that the module connector is positioned properly 
against the mating .receptacle. 
CAUTION 


A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacle and/or the module: 


d. Press in firmly on the exposed edge of the module until it is 
firmly seated. 


Remove a module from the card cage as follows: 


CAUTION. 


Remove power from the card cage motherboard before 
removing a.module. 


‘a. Lift up on the module ejector tab, if installed; otherwise grasp 


the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


db. Pull the module straight back until it is free from the card slot 


guides. 


4.96 in. (126 mm) 
8,00 in. (203 mm) 
11.20 in. (285 mm) 


2 Ib. 10 oz. (1.20 kg) 








0.85 in. (22:mm) 
0.6 in. (15 mm) 


3,938 in. (100 mm) 
10,525 in. (267 mm) 
0.062 in, (1.6 mm) 


0.037 in. (0.940 mm) dia. 
0,044 in, (1.12 mm) dia. 
0.128 in. (3.25 mm) dia. 





AM65-7016EeRM65-7016NE  +~—~—~—«*16-Slot Card Cage and Motherboard 
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(165.1 MM) 
‘fo cy o INSTALL MODULES FROM 


THIS END 






2.760 
(69.9 MM) 















3.956 REF 
(97.9 MM) 4 PLACES 
% " 186 DIA 
(4.2 MiMy 
: t 
(e) = ° 
1,108 : 
(28.1 MM) TOP VIEW 
MOTHERBOARD 
8.60 4.96 ‘ 
(203,2 MM) san Gik (126 MM) : 
(4.2m) | - 85 
4 PLACES (21.6 MM) 

















0.6 
(15.2 MM) 
TYP 7 PLACES 


11.20 
(285 MM) 


LEFT SIDE VIEW END VIEW 


16-Slot Card Cage and Motherboard 
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RM65-7016E e RM65-7016NE 


16-CONNECTOR MOTHERBOARD 
ASSEMBLY 
The RM65-7016NE 16-slot motherboard can be assembled as" 
follows: 


Install up to 16 module connectors (receptacles) from the front 
of the PCB. Be sure to observe correct connector orientation. 


a. The following connectors or their equivalent, may be used: 











Winchester Electronics 
Oakville, CT 06779... = 


00-8257-096-649-1 24. Elco Corporation 
Huntington, PA 16652 






16-Slot Card Cage and Motherboard 


. Solder the receptacle pin connections to the back of the 


PCB. 


. Install three 100 utd, 25 VDC capacitors from +5V.to GND, 


+V to GND, and -V to GND, from the front of the PCB: Ba: 
sure to observe correct polarity. Fgh SATS 


. Solder the capacitor leads to the back of the PCB. 


; Install one or two mini-terminal strips to the power supply 


connection holes from the back of the PCB. = 


Solder the mini-terminal strip leads to the front of the PCB. 





BRES. GND +6 GND +V GND 



















| 
2 
J 
! 
| 
3 
| 
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~>-7n0000000000 


13 
19900000000000000000000 000000 uv... 


19600000000000 6000000 00000000000 90000 
14 

| 90000090000000000000000 0900000 00000000 

\ no : 


19000000000000000000000000000000 00000 
190000 00000000000000000 000000 00000000 
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¢ 
A 





¢c 
A 





c 





Al 
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(267.3 MM) 


c 










! 
400 
110.2 MM) 


Al— 














16-Slot Motherboard (Rear View) 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-7101E Single Card Adapter for the AIM 65 Micro- 
computer is one of the hardware options available for the RM 
65 Microcomputer Module family. : 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and. low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line AM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth orovisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 66 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No. Description 


FRM65-7101E 





Single Card Adapter for AIM 65 


RM65-7101E 
RM 65 Microcomputer Family 


RM65-7101E 
RM.65 SINGLE CARD ADAPTER FOR AIM 65 — 


’ FEATURES 
e Drives one RM 65 Bus-compatible module _ 
e Provision for power and ground routing 
e@ Extends address, data and control lines 
e Pin and socket bus connector 
e Fully assembled, tested and warranted 
PRODUCT OVERVIEW 


The RM65-7101E Single-Card Adapter allows one AM 65 Bus 
compatible module to be connected to the AIM 65 Master 
Module, through the AIM 65 Expansion connector. The Adapter 
routes the AIM 65 address, data and control lines from the AIM 
65 Expansion connector pin assignments to the RM 65 Bus pin 
assignments. Drive circuitry is included on the address and data 
lines. 





RAM65-7101E Single Card Adapter for AIM 65 





Document No. RMA65N03 


Data Sheet Order No. RM03 
Rev. 2, June 1983 





RM65-7101E 





FUNCTIONAL DESCRIPTION 


The Single Card Adapter interfaces AIM 65 Expansion Con- 
nector signals to an attached RM 65 Bus receptacle. Data and 
address lines are buffered, whereas control lines are directly 


wired. All signals afe routed from the AIM 65 Expansion Con-. 


nector positions to corresponding RM 65 Bus receptacle pin 
positions. Ground is connected to the interspersed RM 65 Bus 
GND pins. , 


The Data Transceivers invert and drive 8-bits of parallel data 
between the AIM 65 Expansion Connector and the RM 65 Bus 
interface. During a write operation, data réceived from the AIM 
65 Expansion Connector are driven into the interfacing RM 65 
module. During a read operation, data read from the RM: 65 
module are transmitted into the AIM 65.:When the RM 65 
module is not addressed, the transceivers are disabled. 


The Address Buffers invert and buffer 16 paralle! address bits 
from the AIM 65 to the connected RM 65 module. The bank 
address Jine is held high to address Bank 0 (lower 65K) in the 
interfacing RM 65 module. 


Eleven control and timing signals are directly connected between 


the AIM 65 Expansion Connector and the RM 65 module. The © 


read/write, phase 2 clock, phase 1 clock, sync and reset AIM 
65 output lines are routed directly to the RM 65 receptacle. The 
ready, interrupt request, set overflow and non-maskable inter- 
rupt lines from the RM 65 receptacle are connected ‘straight 
through to the AIM 65 Expansion Connector interface. 


A terminal block allows external +5V, +12V/+V, and -12V/-V 
power supplies to be connected as required. An on-board jumper 
allows the +5V for the RM 65 module to originate from the AIM 
65 Expansion Connector or from the external +5V power supply. 


POWER CONNECTION 


+5 VOLT POWER CONNECTION. 


The +5 volt:(+5V) required for the Single Card Adapter can be 
provided from the AIM 65 microcomputer through the AIM 65 
Expansion Connector or directly from an externa! power supply 
through a connection to the on-board terminal board (TB1). 
Jumper A/B routes the +5V power from the selected source. 


‘CAUTION 
Turn off the external power supply before connecting 
power leads to the Single Card Adapter. 
AIM 65 +5V POWER SOURCE CONNECTION 
a. Install Jumper A/B in the A position. 
b. Disconnect the +5V lead of the external Power supply from 
the +5V connection on TB1. 


WARNING 


if the. mating RM 65 module draws over 0.5A, the external 
connection to +5V must be used or the AIM 65 Master 
Module may be damaged. 


Single Card Adapter for AIM 65 


EXTERNAL +5V POWER SOURCE CONNECTION 
‘a. Install Jumper A/B in the B position. 


b. Connect the +5V lead from the external power supply to the 
+5V connection on TB1. 


c. Connect the. vould lead from the external +5V power supply 
to either of the two GND connections on TB1. 


+12V/£V POWER CONNECTION 


Connection points are provided on TB1 for +12 Vdc, or other 
voltages, as required by the mating RM 65 module. 


a. Connect the +12V/+V lead from, the external power supply 
to the. TB1 connection marked +15V or +V. This terminal 
is connected to connector J1 pin 17a. 


b. Connect the —12V/~V lead from the external power supply 
to the TB1 connection marked ~15V or —V. This terminal 
is connected to connector J1 pin 16c. 


INSTALLATION 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


CAUTION 


Prior to module installation, turn off power to the AIM 65 
and, if applicable, the optional external +5V and/or +12V/ 
+V power supply input to the Adapter. 


a. Align pin 1 of J3 on the SCA with pin 1 of the Expansion 
Connector on the AIM 65 Master Module compen side 
up). 


b. Carefully insert the Adapter into the Expansion: Connector. 
c. Press in firmly until all pins are securely seated. 


d. Install the RM 65 module into the J1 connector on the 
Adapter using installation procedures described in the doc- 
umentation for the particular module. Ensure that Bank Select , 
switches on the add-on module are positioned to Bank Select 
0 or Bank Select Disable, as appropriate. 


e. Turn. on power to the AIM 65. and, if applicable, turn on 
external +5 Vde and/or +12V/+V to the SCA module. 


REMOVAL 


a. Turn off power to the AIM 65 and if applicable, to the external 
+12V/+V power supplies. 


b. Pull the Adapter straight back while moving it slightly from 
side to side to disconnect it fram the AIM 65 Expansion 
Connector. 








‘RM65-7101E.__ 








la 
2a 
3a 
4a 
5a 
6a 


8a 

9a 
10a 
1ta 
12a 
13a 
14a 
15a 
16a 
17a 
18a 
19a 





20a. 


ala 
22a 
23a 
24a 
25a 
26a 
27a 
28a 
29a 
30a 
Sta 
32a 


Note: 


7a 


Single Card Adapter for AIM 65 








Bottom (Solder Side) 


CONNECT TO AIM 65 


EXPANSION CONNECTOR . 


J3 
DATA 


AND 


TIMING 
CONTROL 


ADDRESS 


GND 


+5V 





CONNECT To 
fIM.65 BUS 
RECEPTACLE 


dq 
DATA 


BUS ACTIVE 


AND 


TIMING 
CONTROL 


ADDRESS 


BANK ADDRESS 
GND . 

+5V 

4T2V/4V 


-12V/-V 


Single Card Adapter Block Diagram 





Signal 
Mnemonic 


GND 
BADR/ 
GND 
BA13/ 
BAI t/ 
BA10/ 
BAS/ 
GND 
BA5/ 
BAQ/ 
BA2 
BAQ/ 
GND 
BSO 
BRDY 















+12V/+V 
GND 
BOMT/ 













BRIW! 





GND 
BIRQ/ 
Bg2/ 
Bg2 
BD7/ 
GND 
BD4/ 
BD2/ 
 BDI/ 
+5V 


Signal Name 


Ground 
Buffered Bank Address 
Ground 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8° 
Ground 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 
Buffered Set Overflow 
Buffered Ready 
“User Spare 1. 
+12 Vde/+V" 
Ground Line 
“Buffered DMA Terminate 
“User Spare 3 : 
Buffered Read/Write “Not" 
*System Spare 
Ground : 
Buffered Interrupt Request 
Buffered Phase 2 “Not” Clock . | 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vdc 


*Not used on this module. 








C000 0000 oO 





vO 
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RM 65 Bus Pin Assignments 


1c 


2c 


~ - Top (Component Side) 


Signal , 
Mnemonic x Signal Name vo 


+5V +5 Vde 
BA15/ Buffered Address Bit 15 0 
BA14/ Buffered Address Bit 14 0) 
BA12/ Buffered Address Bit 12 Oo 
GND Ground 
‘BAQ/ Buffered Address Bit 9 .@) 
- BAZ! Buffered Address Bit 7 QO 
BAG/ Buffered Address Bit 6 ie) 
BA4/ Buffered Address Bit 4 (@) 
GND Ground 
BA1/ Buffered Address Bit 1 @} 
B¢1 Buffered Phase 1 Clock oO 
BSYNC Buffered Syne @) 
BDRQ1/ “Buffered DMA Request 1 
GND Ground 
-12V/-V | -12 Vde/-V 
*User Spare 2 
BFLT/ “Buffered Bus Float I 
BdO *Bulfered External Phase 0 Clock 
GND. Ground 
BDAQ2/ “Buffered DMA Request 2 
BRIW Buffered Read/Write ‘e) 
BACT/ Buffered Bus Active I 
BNM}/ Buffered Non-Maskable Interrupt | 
GND Ground 
BRES/ Buffered Reset Oo 
BD6/ Buffered Data Bit 6 vO 
BD5/ Buffered Data Bit 5 vO 
BD3/ Butfered Data Bit 3 vo 
GND Ground a 
BDO/ Buffered Data Bit 0 vO 
GND Ground . 





RM65-7101E - Single Card Adapter for AIM 65 





SINGLE CARD ADAPTER SCHEMATIC 


Jt 







64/12 PU! 
LUD + US. 








to a . 
AZ 

caer LAs 
|| We 
eS ee ee ae 
See ee ae 


ae eee 





YCrErmMON Dd 


2 


Nham VE RHR 


OBPe— 


‘| 


b 
Q 
bal 


BOe 
BRES- 
BAW: 
B&SO 
ElRQ- 
BGI 
BROY 
BSYNCE 
SAW 





F~NWaADAYE<*X 


CELRG 
tat 





NOTE? LNLESS OTHERWISE SPECIFIED 


1. REF ASSY OWG PHIO-DOIO 
2 PINS (4a,34,S¢, 8,100,134, 15C, 8a, 20,254, 25, 2&a,30€, 
32¢ SHALL BE COMMECTED TO GROUND. 


3. PIS 16,320. OK EURO CONNECTOR AND PIAS XAXC, 4, ¥e, 
1€,42a Ol US. CONNECTOR SHALL BE THO 7O 4S. 
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RM65-7101E_ 


“Single Card Adapter for AIM 65 





AIM 65 Expansion Connector Pin Assignments 
Bottom (Solder Side) 


Top (Component Side) 



































Signal Input/ Signal Input/ 
Pin Mnemonic Signal Name Output |- Pin Mnemonic Signal Name Output 
1 Sync { A AQ. Address Bit 0 | 
2 Ready 12) B Al Address Bit 1 l 
3 Phase 1 Clock ie I Cc A2 Address Bit 2 | 
4 Anterrupt Request re) D A3 Address Bit 3 i 
5 Set Overflow — oO E A4 Address Bit 4 | 
6 ’ Non-Maskable Interrupt Oo F AS Address Bit 5 I 
7 Reset | -H AG . Address Bit 6 | 
8 Data Bit 7 . Yo J A7 Address Bit 7 I 
9 Data Bit’ 6 VO K A8& Address Bit 8 I 
10 Data Bit 5 vO: L AS Address Bit 9 
11 Data Bit 4 YO M AIO Address Bit 10 | 
12 ‘ Data Bit 3 - vO N° All Address Bit 11 | 
13 Data Bit 2 vO" P.. Al2 Address Bit 12 I 
14. Data Bit 1 vO RA A13 Address Bit 13 ! 
15 | Data Bit 0" VO Ss Al4 Address Bit'14 \ 
16 7-12 Vde T A15 Address Bit 15 I 
17 "412 Vde U SYS @2 System Phase 2 Clock I 
18 *Chip Select 8. V SYS RW | System Read/Write 
19 *Chip Select 9 Ww AW Read/Write “Not” | 
20 Chip Select A cal X& “TEST Test 
21 +5 Vde | “Y f2  _ | Phase 2 Clock “Not” 
22 Ground . Z “RAM R/W RAM Read/Write. . 
Note: - 
"Not used on this module. 
MATES WITH 
RM 65 
MODULE. 
: EDGE EUROCARD 
| RENE , | RECEPTACLE RECEPTACLE 
COMPONENT - 
= | AREA 


WIDTH 


HEIGHT 





Module Dimensions 
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RM65-7101E Single Card Adapter for AIM 65 





SPECIFICATIONS 


Dimensions (1, 2; 3) 
Width 4.4 in. (111 mm) 
Length 3.7 in. (93 mm) 
Height 0.56 in. (14 mm) 


a NY 


Environment 
Operating Temperature orc to 70°C 
Storage Temperature —40°C to +85°C : 
Relative Humidity 0% to 85% (without condensation) 


+5V +5% 110 mA (0.55W)—Typical 
200 mA (1.00W)—Maximum 


Interface 
AIM 65 Expansion Connector 22/44—edge receptacle (0.156 in. centers) 
RM 65 Bus 64-pin receptacle (0.100 centers) per DIN 41612 (Row b is not instatled) 
Notes: : 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 


2. Length does not include exterisions beyond the edge of the madule due to connectors. 
3. Dimensions conform to DIN 41612. 
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RM65-7102E 
RM 65 Microcomputer Family 


RM65-7102E 


RM 65 IEEE-488 BUS INTERFACE MODULE 


Rockwell 





RM 65 MICROCOMPUTER MODULES 


The AM65-7102E IEEE-48 Bus Interface Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 


and end user microcomputer applications requiring state-of-the- 


‘art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in Ré500 
Assembly Language, PL/65, BASIC and: FORTH. Both BASIC 
.and FORTH are available in ROM and can be incorporated into 
the user’s system. 


-RM 65 modules use a motherboard Lintecsnne concept and 
accept any card in any slot. The 64-lina RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise-and includes growth provisions for.user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable. or desktop microcomputer applications. 


PRODUCT OVE RVIEW 


The RM 65 IEEE-488 Bus Interface Module connects an AIM 
65, AIM 65/40 or RM 65 SBC based system to the IEEE-488 
General Purpose Interface Bus (GPIB). Complete controller, 
talker and listener functions, as defined in the IEEE-488, 1978 
Standard, are implemented. The module also supports extended 
addressing and multiple bus controllers, On-board ROM firm- 
ware implements all 12 functions specified by the interface stan- 
dard. Features not defined in the standard, but also supported, 
include manual talk or listen disable, dual primary addressing, 
and an external trigger line. Switches select the Device Tatk/ 
Listen Address, Enable Dual Primary Addressing Mode, Disable 
Talk, Disable Listen; and System Controller mode. The bus 
interface transceivers meet the electrical specifications of the 
IEEE-488 interface standard. An 8-inch ribbon cable mates the 


{EEE-488 module to the IEEE-488 bus with a standard 24-pin 


connector. 


ORDERING INFORMATION 


RM65-7102E | IEEE-486 Bus tnterface:Module-- 





\EEE-488 Bus Interface Module User’s Manual 
(included with FIM6S- 7102E) | 


FEATU RES 

Compact size—about 4” x 6¥2” (100 mm: x 160 mm) 
Pin and socket -bus connection 

RM.65 Bus compatible ~ 

Buffered address, data and control lines 
Listen, talk, and controller functions 
IEEE-4886, 1978 standard fully implemented 
Uses TI 9914 GPIB Adapter device 
On-board ROM contains bus protocol and utility firmware 
Switches for . 

— Device Talk/Listen Address 

—Disable Talk 

— Disable Listen 

—Enable Dual Primary Addressing mode 

— System Controller 

—Base Address to page boundary for /O 
—Bank Selection to one or both 65K banks 
Jumper for ROM enable/disable 

LEDs show current address register contents 
Supports DMA. data transfers 

+5V operation 

Fully assembled, tested and warranted 





FIM65-7102E IEEE-488 Bus Interface Module 


Document No. RMA65N13 


Data Sheet Order No. RM13 
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RM65-7102E 


lEEE-488 Bus Interface Module 





FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the /EEE-488 Bus Interface Module and the RM 65 
bus, based on data direction signals from the Base Address 
Decoder. 


The Address Butters invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
to the A2332 ROM and to the GPIB Adapter. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 
The interrupt request is buffered and driven onto the RM 65 bus. 


The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside’ in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The DMA Control circuit allows DMA requests from the TI 9914 
GPIB Adapter device to be driven on the RM 65 bus or disabled 
under program.control. This line is Jumper salectable for either 
of two DMA request lines on the RM 65 bus, 


The Base Address Decoder compares the eight most significant 
address lines to the eight Base Address switches. The ROM 
Disable jumper allows the module to be active in a 4K block 
when enabled or active in a page (256 locations) when disabled. 
When an address for the selected bank matches the four most 
significant. switches and the ROM is enabled, the Data Trans- 
ceivers are enabled and the bus active signal is generated. 
When this address also matches the four least significant 
switches the GPIB Adapter and I/O are selected. When there 
is no match on the four least significant switches, the ROM is 
selected. When the GPIB Adapter and I/O are selected, the four 
. least significant address lines, phase 2 clocks, and read/write 
control lines are used to derive register selects for the GPIB 
Adapter, device selects for the GP!IB Status Latch, GPIB Sense 
Buffers, System Controller Select, and DMA Control Circuits. 
The read/write control lines also determine the direction for the 
Data Transceivers. 


9-95 


The TMS 9914 GPIB Adapter device provides hardware céntrol. 
of the IEEE-488 bus Interface, using firmware subroutines pro- 
vided in ROM. All bus interface lines are buffered by the GPIB 
Data and Control Transceivers, to conform to the electrical 
specifications of the IEEE-488 Standard. These lines are brought 
out through a cable to a standard IEEE-488 connector. An 
additional connector provides an external trigger output not 
defined by the IEEE- 488 Standard, 


Tha System Controller Select circult allows manual selection. 
of System Controller capabilities in multiple controller con- 
figurations. 


The GPIB Sense Buffer allows the GPIB Sense Switches to be 
read for Device Talk/Listen Address, Talk or Listan Disable, and’ 
Dual Primary Address Mode selection. The GPIB Status Latch 
latches the positions of the GPIB Sense Switches and displays 
them on the GPIB Status Indicators. This allows a visual veri- 
fication of the Device Talk/Listen Address and Operating modes. 


ON-BOARD PROGRAM ROM FIRMWARE 


The Program ROM flrmware completely supports all 12 Bus 
functions described in the IEEE-488, 1978 Standard, as well as 
features of the TMS 9914 GPIB Adapter device not defined in 


_the Standard. These utility functions make both the Bus protocol 


and the GPIB Adapter device transparent to the programmer. 
The firmware, organized as subroutines, is linked to the user 
program through a jump table. Many of these routines are inter- 
rupt-driven, to minimize the processor time in servicing the 
module, User-alterable vectors and parameters are located in 
RAM, to allow custom applications. Output data or commands 
for the Bus are handled as tables, easing the set-up and transfer 


_ of information. Extensive error checking by the utility subrou- 
tines ‘allow resident or user-provided error handling routines to 


ensure proper operation of the module, the IEEE-488 Bus and 
Status of data transfer. Two self-test routines verify proper 
module operation. 


The firmware is compatible with the input/output functions in the 
AIM 65 Debug Monitor and the AIM 65/40 /O ROM. 








RM65-7102E 


IEEE-488 Bus Interface Module 
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IEEE-488 Bus Interface Module Block Diagram 
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TRIGGER 


HANDSHAKE 


RIBBON 
CABLE. . BUS 
CONNECTOR CONNECTOA 











- RM65-7102E 





Signal 
Mnemonic 


DI01 
Dio2 
Di03 
Dlo4 
EQ}. 


IEEE-488 Bus Interface Connector Pin Assignments 


SignalName _ 


Data Input/Output 1 
Data Input/Output 2 
Data Input/Output 3 
Data Input/Output 4 
End or identify 


iEEE-488 Bus Interface Module 


Signal 
Mnemonic 


Signal Name 


Data Input/Output 5 
Data Input/Output 6 
Data Input/Output 7 
Data Input/Output 8 
Remote Enable 


DAV Data Available 
NRFD Not Ready for Data 
NDAC Not Data Accepted 
IFC Interface Clear 
SRQ Service Request 
ATN Attention 

SHIELD Ground 


Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Logic Ground 


1 
2 
3 
4 
5 
6 
7 
8. 
‘9 





External Trigger Pin Assignments 


Signal Mnemonic Signal Name Input/Output 
TRIG Trigger Out 
GND Ground 


RM 65 Bus Pin Assignments 









Bottom (Solder Side) 


Signal Signal 
Mnemonic Signal Name Mnemonic 


Top (Component Side) 





Signal Name 
GND Ground ic +5V +5 Vde 
= BADR’ Buffered Bank Address 2c. BA15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12. 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c ! BA9/ Buffered Address Bit 9 
7a BA8/ Buffered Address Bit & 7c BA?/ Buffered Address Bit 7 
8a GND Ground 8c BAG/ | Buffered Address Bit 6 
9a ‘ BAS/ Buffered Address Bit 5 9c BA4 Buffered Address Bit 4 
10a BAS Buffered Address Bit 3 10¢ GND Ground 
11a BA2/ Buffered Address Bit 2 tic BA1/ Buffered Address Bit 1 
12a BAQ/ Buffered Address Bit 0 12c BSI *Buffered Phase 1 Clock 
13a GND Ground 13¢ BSYNC *Buffered Sync 
14a BSO “Buffered Set Overflow 14¢ BDRQ1/ Buffered DMA Request 1 
15a BRDY ‘Buffered Ready 1S¢ GND Ground 
16a *User Spare 1 16¢ —12V/-V *-12 Vde/-V 
17a +12V/+V *4+12 Vde/+V 17c "User Spare 2 
18a GND Ground Line 18c BFLT/ “Buffered Bus Float 
19a BDMT/ “Buffered DMA Terminate 19¢ Bgo “Buffered External Phase 0 Clock 
20a a “User Spare 3 20c GND Ground 
21a BRYW/ Buffered Read/Write “Not” 2ic BDRQ2 Buffered DMA Request 2 
22a *System Spare 22¢ BRIW Buffered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ *Buffered Non-Maskable Interrupt 
25a Bp2/ Buffered Phase 2 “Not” Clock 25c GND Ground 
26a Bd2 _ Buffered Phase 2 Clock 26¢ BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27c BD6/ Buffered Data Bit 6 
26a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c¢ BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31¢ BDO/ Buffered Data Bit 0 
32a +5V +5 Vdc 32c GND Ground 
Note: 


*Not used on this module. 
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RM65-7102E 


IEEE-488 Bus Interface Module 





SPECIFICATIONS 


Power Requirements 


Interface 








Parameter 


Dimensions (1 2,3) 


Width 
Length 
. Height 


Weight 








Environment 


Operating Temperature 
_ Storage Temperature 
Relative Humidity 


RM 65 Bus Interface 


Module 

VO Interface 
Cable Receptacle 
Trigger Connector 


IEEE-488 Bus Interface: Cable 
(EEE-488 Bus Connector 


“Module Connector 
Cable Léngth 

Type 

Number of Conductors. 





3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm} 


5.0 oz. (140 g) 





°C to 70°C 
—40°C to +85°C ; 
0% to 85% (without condensation) 


+5 Vde +5% @ 0.65A (3.25W)—Typical 
1.0A (5.25W)—Maximum 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


26-pin mass terminated (0.100 in. centers) 
Two vertical wire wrap pins (0.3 in. high on 0.200 in. centers) 


24-pin mass terminated (2.16 mm centers) with metric thread lock 
screws (Amphenol 57 or equivalent) 
26-pin mass terminated (0.100 in. centers) 


8 inches 


Flat ribbon 
24 
#28 AWG 





Wire Size 
Notes: : 
1. Height includes the maximum vafues for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 
3. Dimensions conform to DIN 41612. 


6.8 IN. MATING 
(172 MM) MOTHERBOARD 


AND RECEPTACLE 
ane | 


EUROCARD CONNECTOR 
RIBBON CABLE : 
RECEPTACLE COMPONENT AREA 


EXTENSION 


Module Dimensions 





9-98 


an 


Rockwell 


RM65-7104E 
RM 65 Microcomputer Family 


RM65-7104E 
RM 65 ADAPTER/BUFFER FOR AIM 65 





RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be. developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell's AIM 65 
Microcomputer for product development and for a broad variety 
of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


RM65-7104E Adapter Buffer for AIM 65 


FEATURES 


RM 65 Bus Compatible 

Buffered address data and control lines 
Drives up to 15 modules 

Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7104E Adapter/Buffer extends the AIM 65 Expan- 
sion Bus from the AIM 65 Expansion Connector to an RM 65 
Bus motherboard that is situated up to 16 inches away. Included 
circuitry permits the Adaptes/Buffer to drive up to 15 RM 65 Bus- 
compatible modules. (The similar Cable Driver Adapter/Butfier, 
Part Number RM65-7116, provides the same drive capability for 
applications in which the motherboard is up to six feet from the 
Expansion Connector.) 


The Adapter/Buffer consists of an adapter module, a buffer 
module and two 16-inch interconnect cables. Both cables are 
flexible, so the motherboard may be installed in a wide variety 
of locations and orientations relative to the AIM 65. 








’ RM65-7104E Adapter/Buffer for AIM 65 





Data Sheet Order No. RM04 
Rev. 2, May 1983 


Document No. RMA65N04 
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RM65-71 O4E 


RM 65 Adapter/Buffer for AIM 65. 





FUNCTIONAL DESCRIPTION 


‘The Adapter/Buffer consists of two modules and two intercon-. 
‘nect cables. The Adapter module connects to the AIM 65 


Expansion connector and the: Buffer module connects to an RM 
65 Bus motherboard receptacle. 


The Adapter module transfers data, address and control lines 

’ from. AIM 65 Expansion Connector to the interconnect cables. 
The eight data and 16 address lines are routed directly, without 
buffering. The read/write, clock, syne and reset_AIM 65 output 
control lines are also: routed directly through the: Adapter. The 
ready, set overflow, interrupt request and non-maskable inter- 
rupt AIM.65 input lines are buffered on the. module. 


Two 16-inch 40 conductor flat ribbon cables connect the Adapter 
module to the Buffer module. The cables are mass terminated 
at each end, and are permanently attached to the interfacing 
module. 


The Buffer module buffers and routes alt interface. signals | 


between the’ iptereetieet cables and the RM 65 pus connector, 


The ‘Data Transceivers invert ‘and drive 8- bits of parallel data. 
‘During a write operation, data received from the cables are 
driven onto the ‘RM 65. Bus. During. a read operation, data 
received from the RM 65° Bus are driven onto the. cables. The 
bus active signal enables the Transceivers. When the bus fioat 
signal is active, the Transceivers are disabled. 


The Address Buffers invert and transfer 16 parallet address lines 
from the interconnect cable to the RM 65: Bus. When the bus 
float signal | is active, ‘the Buffers are disabled. 


Jumper E71 selects’ the source for the bank address line 
(BADR/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the bank address 
line is held high to address Bank 0 (Lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
source (position B), the bank address line is not used’ by the 
buffer module, and must be controlled by another module on: 
the Bus. 


The seven read/write, clack, sync and reset lines from the 
cables to the bus are buffered by the Control Drivers. All of these 
lines, except reset and phase 1, are disabled when the bus float 
line is active. The ready, set overflow, interrupt request and non- 
maskable lines from the bus to the interconnect cables are also 
buffered by the Control Drivers. 
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Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)—either the buffer module or.an external module, ‘When 
the buffer module is the source (position A);the DMA terminate 
line is held high (inactive). For an externa! source (position B), 
the DMA terminate line is not used by the buffer. module, and 
must be controlled by another module on the bus. 


INSTALLATION/REMOVAL 


Installing the Adapter/Buffer 
Before installing the module, inspect, for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


a. Before installing the Adapter/Buffer, turn off power to the AIM 


65 and the interfacing RM 65 Bus motherboard. 
b. Configure Jumpers E1 and E2, per the Functional Description. 
c. Align the Adapter module connector J3 pin 1 with the AIM 
65 Expansion Connector J3 pin 1. 

di. Plug, the Adapter module onto’ the Expansion Connector. 
Pressi in firmly on the end of mod ule until all pins are securely 
seated. 

e. Install connector P1 of the Butter module into the desired slot 
on the. mating RM. 65 Bus ‘motherboard. 


CAUTION 


AM 65 Bus connectors are keyed to prevent. 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 


Removing the Adapter/Buffer 


a. Turn off power to the AIM 65 and to the RM 65 Bus 
motherboard. 

b. Lift up on the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
Straight back until it is free from the card slot guides. 

c. Pull back on the Adapter module while moving it slightly from 
side to side until it is free from the AIM 65 Expansion 
Connector. 




















RM65-7104E RM 65 Adapter/Buffer for AIM 65 
Buffer Module to RM 65 Bus Connector Pin Assignments 
Bottom (Solder Side) Top (Component Side) 
Signal Input/ Signal Input/ 
Mnemonic Signal Name Output Pin Pin Mnemonic Signa! Name Output 
GND Ground ; ta 1c +5V +5 Vde 
BADR/ Buffered Bank Address (0) 2a 2c BA15/ Buffered Address Bit 15 oO 
GND Ground 3a 3c BA14/ Buffered Address Bit 14 ie) 
BA13/ Buffered Address Bit 13 (@) 4a 4c BA12/ Buffered Address Bit 12 oO 
BA11/ Buffered Address Bit 11 oO Sa 5c GND Ground 
BA10/ Buffered Address Bit 10 oO 6a 6c BA9/ Buffered Address Bit 9 Oo 
BA8/ Buffered Address Bit 8 oO 7a 7c BA7/ Buffered Address Bit 7 ie) 
GND Ground 8a 8c BAG/ Buffered Address Bit 6 Oo 
BA5/ Buffered Address Bit 5 12) 9a 9c BA4/ Buffered Address Bit 4 oO 
BA3/ Buffered Address Bit 3. oO 10a 10c GND Ground 
BA2/ Buffered Address Bit 2 O tla 1ic BA1/ Buffered Address Bit 1 oO 
BAO/ Buffered Address Bit 0 ie) 12a 12c Bd1 Buffered Phase 1 Clock 0 
GND ‘Ground 13a 13c BSYNC Buffered Sync Oo 
BSO Buffered Set Overflow | 14a 14¢ BDRQ1/ ‘Buffered DMA Request 1 
BRDY Buffered Ready | 15a 15c GND Ground 
*User Spare 1 16a 16c -12V/-V *—12 Vde/—V 
+12V/+V *412 Vde/+V 17a 17c “User Spare 2 
GND Ground Line 18a 18c BFLT/ Buffered Bus Float 
BDMT/ Buffered DMA Terminate 19a 19¢ B¢go *Buffered External Phase 0 Clock 
-_ *User Spare 3 20a 20c GND Ground : 
BRIW/ Buffered Read/Write “Not” (@) 21a 21c BDRQ2 *Buffered DMA Request 2 
*System Spare 22a 22c | BRW Buttered Read/Write 
GND Ground 23a 23c¢ BACT/ Buffered Bus Active 
BIRQ/ Buffered Interrupt Request | 24a 24c BNMI/. Buffered Non-Maskable interrupt 
Bg2/ Buffered Phase 2 “Not” Clock fe) 25a 25c { GND Ground 
B¢2 Buffered Phase 2 Clock Oo 26a 26c BRES/ Buffered Reset 
BD7/ Buffered Data Bit 7 vo 27a 27¢ BD6/ Buffered Data Bit 6 
GND _ Ground 28a 28c BD5/ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 vO 29a 29c BD3/ Buffered Data Bit 3 
BD2/ Buffered Data Bit 2 YO 30a 30c¢ GND Ground 
BD1/ Buffered Data Bit 1 VO 31a | dic BDO/ Buffered Data Bit 0 
+5V +5 Vdc 32a 32c GND Ground 
Note 
“Not used on this module. 
BUFFER MODULE 
6.8 IN, MATING 
‘(172 MM) MOTHERBOARD 
ADAPTER MODULE Seg ae 
LENGTH 
Pa ee | CABLE 1 aaa) 
CABLE 2 
WIDTH WIOTH 
oe ia EUROCONNECTOR 
: EXTENSION 
EUROCARD CONNECTOR 
COMPONENT AREA 
HEIGHT SS Soh ee el 
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RM65-7104E —si<j | RM 65 Adapter/Buffer for AIM 65 | 


Adapter Module to AIM 65 Expansion Sonnector Pin Assignments 


Signal: Signal Input/ 
Mnemonic Signal Name Pin ‘Mnemonic Signal Name Output 


SYNC: Address Bit 0 

Address Bit 1 
Address Bit 2 

Addregs Bit 3 

Address Bit 4 

Address Bit 5 ae 
Address. Bit 6 

Address Bit 7 

Address Bit 8 : 
Address Bit 9 

Address Bit 10 

Address Bit .11 J 
Address Bit 12 
Address Bit 13 

Address Bit 14 ; 
Address Bit 15 

System Phase 2 Clock | . 
System Read/Write 7 
Read/Write "Not" : 
"Test 

Phase 2 Clock “Not” - 2 
*RAM Read/Write 2 
CONNECT TO 


. Ready 
Phase 1 Clock - 

AIM 65 a CONNECT TO 

EXPANSION ADAPIER MODULE RM 65 BUS 


Interrupt Request 
CONNECTOR RECEPTACLE 










Set Overflow ’ 
Non-Maskable Interrupt 
Resat © 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 
Data Bit 2 
. Data Bit 1 
Data Bit 0 
*-12 Vde 
"4412 Vde:. 
*Chip Select 8 
*Chip Select 9 
*Chip Select A 
_ +5 Vde 


OMONBAIA WH 4 





N<<XSeqcawpvuzZezrxAcruMmM98s0ODyY 


Note 
* = Not used on this:module. 










‘TWO 16 INCH CABLES 





BUS ACTIVE 


DATA 


DATA TRANSCEIVERS 


DATA 


BUS FLOAT 





ADDRESS 
ADDRESS 
BANK ADDRESS 
CLOCK 
AND CONTROL 7 CLOCK 
SONTACE CONTROL BUFFERS AND 
BUFFERS CONTROL 
mae a DMA TERMINATE 





RM65-7104E Adapter/Buffer Block Diagram 
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RM65-7104E 5 RM 65 Adapter/Buffer for AIM 65 





ADAPTER/BUFFER SCHEMATIC 
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RM65-7104E 7 : RM 65 Adapter/Buffer for AIM 65 
SPECIFICATIONS 





Parameter 


Dimension (See Notes) 

Adapter Module 

Width 4.4 in. (111 mm) 
“Length ‘2.6 in. (67 mm) 

Height 0.56 in. (14 mm) 

Buffer Module : 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mmm) 


Power ~ +5V.+ 5% 30 mA (0.15W)—Typical 
Adapter Module 50 mA (0.25W)—Maximum 
+5V + 5% 190 mA (0.95W)—Typical 
Buffer Module 330 mA (1.7W)—Maximum 


Environmental 
Operating Temperature 0°c to 70°C 
Storage Temperature —40°C to 85°C 
Relative Humidity 0% to 85% (without condensation) 


Propegation Tne | 


" Intertace Connectors 
’ AIM 65 Expansion Connector : 22/44—edge receptacle 
(0.156 in. centers) 
AM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 
(Row b is not installed) 








Interface Cables 
Number of Cables Two 
Cable Length 16 inches 
Type - Flat ribbon 
Number of conductors per os 40 
Wire Size #28 LNG 





Notes: 

1. The height includes the maximum values for component height abou the board surface (0.4 in. for Populated modutes), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 In.) 

2. The length does not include extensions beyond the edge of the module due to the connectors or the module oleetere 


3. The Adapter Module dimensions conform to ay 41612, : 
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RM 65 MICROCOMPUTER MODULES 


The RM65-7116E Cable Driver Adapter/Buffer is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM. 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging fiexibility. 
RM 65 products may also be used with Rockwell AIM 65 Micro- 
computer for product development and for a broad variety of 
portable or desktop microcomputer applications. 


ORDERING INFORMATION 


~RM65-7116E © Cable Driver Adapter Buffer for AIM 65 






RM65-7116E. 
RM 65 CABLE DRIVER 
ADAPTER/BUFFER FOR AIM 65 


RM65-7116E 
RM 65 Microcomputer Family 





FEATURES 


e RM 65 Bus compatible 
e Buffered address data and control tines 
e Drives up to 15 modules . 

e Long cable for distances of up to 6 feet 
e Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7116E Cable Driver AdapterBuffer extends the AIM 
65 Expansion Bus from the AIM 65 Expansion Connector to an 


. RM 65 Bus motherboard that is situated up to six feet away. 


Included circuitry permits the Cable Driver Adapter/Buffer to 
drive up to 15 RM 65 Bus-compatible modules. (The similar 
Adapter/Buffer, Part Number RM65-7104, provides the same 
drive capability for applications in which the motherboard need 
not be more than 16 inches from the Expansion Connector.) 


The Cable Driver Adapter/Buffer consists of a cable driver 
adapter module, a buffer module and two 6-foot interconnect 
cables. Both cables are flexible, so the motherboard may be 
instalied in a wide variety of locations and orientations relative 
to the AIM 65. : 





RM65-7116E Cable Driver Adapter/Buffer for AIM 65 


Document No. RMA65N22 
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Data Sheet Order No. RM22 
Rev. 1, June 1983 





RM65-7116E. 


Cable Driver Adapter/Buffer for AIM 65 





FUNCTIONAL DESCRIPTION 


The Cable Driver Adapter/Buffer consists of two modules and. 


two interconnect cables. The Adapter Module connects to the 
AIM 65 Expansion connector and the Buffer module connects 
to an AM 65 Bus motherboard receptacle. 


The Cable Driver Adapter module buffers data, address and 
control lines between the AIM 65 Expansion Connector and the 
interconnect tables. 


The Data Transcelvers drive 8-bits of parallel data. During a 
write operation, data recelved from the AIM 65 are driven.onto 
the cables. During a read operation, data received from the 
cables are driven into the AIM 65. The bus active signal enables 
the Data Transceivers. : 


The Address Buffers drive 16-bits of parallel data from the AIM 
65 onto the cables. 


The Control Buffers transfer the timing and control signals 
between the AIM 65 and the cables. The seven read/write, 
clock, sync, and reset lines are driven from the AIM 65 onto the 
cables. The four ready, set overflow, interrupt request and non- 
maskable interrupt lines are driven from the cables onto the 
AIM 65. 2 © “ig igs 


Two 6-foot 40 conductor flat ribbon cables connect the Cable 
Driver Adapter module to the Buffer: module. The cables are 
mass terminated at each end, and are permanently attached to 
the interfacing. module. 


The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Bus connector. 


The Data Transceivers invert and drive 8-bits of parallel data. 
During a write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signa! enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 


The Address Buffers invert and transfer 16 parallel address 
lines from the interconnect cable to the RM 65 Bus. When the 
bus float signal is active, the Buffers are disabled. 


Jumper E1 selects the source for the bank address line 
(BADR/)—either the buffer module or an external module. When 


the buffer module is the source (position A), the bank address. 


line is held high to address Bank 0 (lower 65K) on the Bus; this 


line is disabled when the bus float line is active. For an external 


source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the Bus. a 


The seven read/write, clock, sync and reset tines from the 
cables to the bus are buffered by the Control Buffers. All of 
these lines, except reset and phase 1, are disabled when the 
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bus ficat line is active. The ready, set overflow, interrupt request 
and non-maskable lines from the bus to the interconnect cables 
are also buffered by the Control Buffers. 


Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position 8), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another module on the bus. 


INSTALLATION/REMOVAL 


CABLE DRIVER ADAPTEA/BUFFER INSTALLATION 


CAUTION. 


RM. 65 Bus connectors are keyed to prevent improper 
module connection. If the module does not insert into the 
receptacle with moderate pressure applied, check the 
orientation and connector alignment of the module. Forcing 
the module improperly into the receptacle may damage 
the receptacle and/or the module. 


a. Before installing the Cable Driver Adapter/Butter, turn off 
power to the AIM 65 and the interfacing RM 65 Bus 
motherboard. 


b. Configure Jumpers E1 and E2, per the Functional Description. 


c. Atign Cable Driver Adapter module connector J3 pin 1 with 
the AIM 65 Expansion Connector J3 pin 1. 


d. Plug the Cable Driver Adapter module onto the Expansion 
Connector. Press in firmly on the end of module until all pins 


are securely seated. 


e. Install connector P1 of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. © 


f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 


CABLE DRIVER/ADAPTER/BUFFER REMOVAL 


-a. Turn off power to the AIM 65 and to the RM 65 Bus 


motherboard. 


b, Lift up onthe Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 


c. Pull back on the Cable Driver module while moving it slightly 
from side to side until it is free from the AIM 65 Expansion 
Connector. 





RM65-7116E ~~ ~~~. Cable Driver Adapter/Buffer for AIM 65 








Buffer Module to RM 65 Bus Connector Pin Assignments 





Bottom (Solder Side) ; Top (Com ponent Side) 


. Signal Input/ Signal Input/ — 
Pin. Mnemonic Signal Name Output |} Pin Mnemonic . Signal Name : Output 


Ground Te +5 Voce 
Buffered Bank Address 
Ground . 

Buffered Address Bit 13 
Buffered Address Bit 11- 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground. 

Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 


Buffered Address Bit 15 
Buffered Address Bit 14 
Butfered Address Bit t2 
Ground : 
Buffered: Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground - ; 
Buffered Address Bit 1 
Buffered Phase 1 Clock 


0000 0000 0 
000 0000 000 


Ground Buffered Sync - 


Buffered Set Overflow : ; “Buffered DMA Request 1 
Buffered Ready Ground | 
“User Spare 1 *—12 Vde/-V 
+12V/+V | *+42 Vde/+V < "User Spare 2 
GND Ground Line : Buffered Bus Float 
BDMT/ Buffered DMA Terminate “Buffered External Phase 0 Clock 
*User Spare 3 : Ground 
Buffered Read/Write “Not” “Buffered DMA Request 2 
System Spare WW Butfered Read/Write 
Ground . | Buffered Bus Active 
Buffered Interrupt Request . C Butfered Non-Maskable Interrupt 
Buffered Phase.2 “Not” Clock ; - 25 Ground , 
Buffered Phase 2 Clock Buffered Reset _ 
Buffered Data Bit 7 Buffered Data Bit 6 
Ground Buffered Data Bit 5 
Buffered Data Bit 4 Buffered Data Bit 3 
Buffered Data Bit 2 ‘ Ground 
Buffered Data Bit 1 ( Buffered Data Bit 0 
+5 Vde Ground 








Note: 
“Not used on this module. 





CABLE DRIVER ADAPTER MODULE BUFFER MODULE DIMENSIONS 


Sige | 






6.8IN., MATING 
CABLE 1 (172 MM) MOTHERBOARD 


AND RECEPTACLE 





WIDTH 





the 
sg ec eeneen Ae 


: EXTENSION 
EUROCARD CONNECTOR : 
COMPONENT AREA 


HEIGHT [See ee 


— 
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RM65-7116E Cable Driver Adapter/Buffer for AIM 65 








Cable Driver Adapter Module to AiM 65 Expansion Connector Pin Assignments 
Top (Component Side) Bottom (Solder Side). 


Signal Input/ Signal , 
Mnemonic Signal Name Output Mnemonic Signal Name 
AQ 


SYNC SYNC Address Bit 0 

Al Address Bit 1 

A2 Address Bit 2 

A3 Address Bit 3 

A4 Address Bit 4 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit 9 
Address Bit 10 
Address Bit 11 
Address Bit 12 
Address Bit 13 
Address Bit 14 
Address Bit 15 
System Phase 2 Clock 
System Read/Write 
Read/Write “Not” 
“Test 
Phase 2 Clock “Not” 

RAM RW “RAM Read/Write 





| 
RDY Ready O 
ot Phase 1 Clock | 

IRQ Interrupt Request O 
S.O. Set Overflow QO 
NMI Non-Maskable Interrupt Oo 
RES Reset .@) 
D7 Data Bit 7 Te) 
D6 Data Bit 6 vO 
D5 Data Bit 5 vO 
D4 Data Bit 4~ , vO 
D3 Data Bit 3 vO 
D2 Data Bit 2 - vO 
D1 | Data Bit 1 VO 
DO Data Bit O vO 
-12V *—12 Vde 

+12V *+12 Vde 

CS8 “Chip Select 8 

cs9 “Chip Select 9 

CSA "Chip Select A 

+5V +5 Vde 

GND Ground 





N<xXS<CHHopvpvzer-RXxciImmygooyr 





Note: . 
_ ™ = Not used on this module. 


CABLE. DRIVER BUFFER 
CONNECT TO ADAPTER MODULE , MODULE 
AIM 65 TWO 6 FOOT CABLES CONNECT TO 
EXPANSION ; : ‘ RM 65 BUS 
CONNECTOR RECEPTACLE 


BUS ACTIVE 
DATA 


TRANSCEIVERS DATS 


TRANSCEIVERS 


ADDRESS ADDRESS 
ADDRESS BUFFERS BUFFERS 


DATA 


BUS FLOAT 


BANK ADDRESS 


AND 
CONTROL 


CONTROL 


BUERERS BU FFERS 


CLOCK CONTROL 


DMA TERMINATE 


Cable Driver Adapter/Buffer Block Diagram 
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2M65-7116E. 











_ CABLE DRIVER ADAPTER/BUFFER SCHEMATIC 
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Pal: 
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MOTE UVALESS OFWERWISE SPECIFIED | 


US EUR pags 
—-PAIO- 032-00! Ol 


Q) Puss 10,820 OM EURO COMMEC TOR Rid psits 
MON GVAYC NC, 380 OH US COLIMIECTOR SHALL BG TIED TOWTY 


Q) PMS 1a) 54, 50, Ba, 100,/24 (Fella, Z0e 20,250, 28a Soe, IZe, 
WALL AS TED Td 6D. - : 
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MEO TO ONO. . 2 


4 ALL CAPACITORS ARE ./OUF 420%, SOV. 
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RM65-7116E ____ Cable Driver Adapter/Buffer for AIM 65 
SPECIFICATIONS 


Value 
Dimensions (1, 2, 3) , 
Cable Driver Adapter Module 
Width 4.4 in. (141 mm) 

Length 5 in. (127 mm) 
Height 0.56 in. (14 mm) 

Buffer Module 

Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


Power ° 
Cable Driver adapiev Module +5V + 5% 30 mA (0.15W)—Typical 
275 mA (0.25W)—Maximum 
Buffer Module +5V + 5% 190 mA (0.95W)—Typical 
. 330 mA (1.7W)—Maximum 








Environment 
Operating Temperature O°C to 70°C 
Storage Temperature — 40°C to +85°C 
Relative Humidity 0% to 85% (without condensation) 


Interfaces 
. Interface Connectors 
AIM 65 Expansion Connector 22/44—edge receptacle (0.156 in. centers) 





RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 


interface Cables 
Number of Cables Two 
Cable Length 6 feet 
Type “Flat ribbon 
Number of conductors per cable 40 
Wire Size #28 AWG 





Notes: 
1. Height includes the maximum values for component height above the board surface [0:8 4 in. for papulated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
- 2, Length does not include extensions beyand the edge of the module due to connectors or the module ejector. 
’ 3. Dimensions conform to DIN 41612: 
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RM65-7141E 


_-RM65-7141E 
RM 65 Microcomputer Family 


RM 65 ADAPTER CABLE AND 


Rockwell 





RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and Jow cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module products use. a motherboard interconnect con- 
cept and accepts any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions: for user func- 
tions. A selection of card.cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


RM65-7141E | Adapter Cable and Butfer Module for AIM 65/40 











BUFFER MODULE FOR AIM 65/40 


PRODUCT OVERVIEW 

The RM6§-7141E Adapter Cable and Buffer Module extends the 
AIM 65/40: Expansion Bus from the AIM 65/40 Expansion Con- 
nector to RM 65 Bus motherboard that is situated up to two 


meters (78 inches) away. On-board circuitry permits the buffer 
module to drive up to 15 RM 65 Bus-compatible modules. 


The Adapter Cable and Buffer Module consists of a buffer 
module and: a 2-meter interconnect cable. The cable is flexible, 
so the motherboard may be installed in a wide variety of loca- 
tions and orientations relative to the AIM 65/40 SBC module. 


FEATURES 

e RM 65 Bus compatible - 

¢ Buffered address, data and control lines 
e Drives up to'15 modules 

e Long cable for distances up to 2 meters 
¢ Edge connéctor and Eurocard versions 
e Fully assembled, tested and warranted 





RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 
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Document No. RMA65N25 


Data Sheet Order No. RM25. 
Rev. 1, May 1983 








RM65-71 41 E 


Adapter Cable and Buffer Module for AIM 65/40 





FUNCTIONAL DESCRIPTION 


The RM65-7141E Adapter Cable and Buffer Module consists ‘of. 


one module and one interconnect.cable. The cable connects ta 


the AIM 65/40 SBC module Expansion connector and the module: 


connects to an RM 65 Bus motherboard receptacte.. 


The two meter 64-conductor flat ribbon cable connects the AIM 
65/40 SBC module to the buffer module. The cable is mass ter- 
minated at each end. One end of the cable connects to the SBC 
module Expansion connector (Euro connector) and the other 
end connects to the buffer module. , a 


The module buffers and routes atl interface signals between the 
interconnect cable and the RM 65 Bus connector. 


The Data Transceivers (26) invert and drive 8-bits of parallel 
data. During a write operation, data received from the cable are 
driven onto the RM 645 Bus. During, a.read operation, data 
received from the RM 65 Bus are driven onto the cable. The 
bus active signal (BACT/) enables the Transceivers. ‘When the 
bus float signal (BFLT/) is active, the Transceivers are disabled. 


The. Address Buffers (Z1 and-Z3) invert and transfer 16 parallel 
address tines from the interconnect cables to the AM 65 Bus. 
When the bus float signal (BFLT/) is active, the Buffers are 
disabled. 


Jumper E1 selects the source for the bank address tine 
(BADR/)—either the. AIM 65/40 SBC module or another con- 
trolling module on the RM 65 Bus. When the AIM 65/40 SBC 
module is the source (positian A), the bank address ‘line 
(BADR/) is sourced by the AIM 65/40 SBC module; this line is 
disabled when the bus float line (BFLT/) is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the AM 65 Bus. 


The read/write (BR/W and BR/W/), clock (B02, BO2/ and B01), 


BSYNC and reset (BRES/) lines from the cable to. the bus are 
buffered by the Control Buffers (25), All of these lines, except 
BRES/ and BOt are disabled when the bus float line (BFLT/) is 
active. The ready (BRDY), set overflow (BSO), interrupt request 
(BIRQ/) and non-maskable interrupt. (BNMI/) tines from the bus 
to the interconnect cable are also buffered by the Control Buffers. 


Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)—either the buffer module or an external module. When 
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the AIM 65/40 SBC module is the source (position A); ane. DMA 
terminate line (BDMT/) from the AIM 65/40 SBC module ‘is’ ‘put 
on the RM 65 Bus. For an external source (position. B), the DMA 
terminate line is not used by the buffer module, and must be 
controlled by another module on the bus. 


INSTALLATION/REMOVAL 


Installing the Adapter Cable and Buffer Module 


Before installing the module, inspect for damage and -grease, 
dirt, liquid or other foreign materials that will affect. performance. 


a. Before installing the AIM 65/40 Adapter Cable and Buffer 
Module, turn off power to the AIM 65/40 SBC module and 
the interfacing RM 65 Bus motherboard. 

b, Configure Jumpers E1 and E2, per the Functional Description. 

c. Connect the cable Euro receptacle connector onto the AIM 
65/40 SBC module Expansion connector (Euro connector). 

d. Connect the other cable connector onto buffer module con- 
nector P2. 

é. Install connector P1 of the buffer module into ther desea slot 
on the mating RM 65 Bus motherboard. 

CAUTION 
‘AM 65 Bus connectors are keyed to prevent 
improper module connection, If the module does not 
insert into the receptacie with moderate pressure 
applied, check the orientation and: connector align- 
ment of the module. Forcing the module tmproperly 


into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the AIM 65/40 SBC module and to the mating 
RM 65 Bus motherboard. (Power to the RM 65 motherboard 
is not supplied by the Adapter Cable and Buffer Module.) 


Removing the Adapter Cable and Buffer Module 


a. Turn off power to the AIM 65/40 SBC module and to the RM 
65 Bus motherboard. 

b. Puil the buffer module straight back until it is free from the 
RM 65 Bus receptacle and card cage slot guides. 

c. Disconnect the cable connector from the AIM 65/40 SBC 
module Expansion connector. 





Adapter Cable and Buffer Module for AIM 65/40 


RM 65 Bus Pin Assignments 


RM65-7141E 





Bottom (Solder Side) 


Top (Component Side) 








- Signal 
_ Signal Name Pin | Mnemonic Signal Name ie) 
Ground te | +5V +5 Vde 
Buffered Bank Address a) 2c | BA15/ Buffered Address Bit 15 oO 
Ground 3c | BA14/ Buffered Address Bit 14 oO 
Buffered Address Bit 13 Oo 4c | BA12/ Buffered Address Bit 12 ‘o) 
Buffered Address Bit 11 ~ Oo -5¢ | GND Ground 
Buffered Address Bit 10 @) 6c | BA9/ Buffered Address Bit 9 onm 
Buffered Address Bit 8 (2) 7c | BA7/ Buffered Address Bit 7 oO 
| Ground: 8c | BAG/ Buffered Address Bit 6 oO 
Buffered Address Bit 5. Oo 9c | BA4/ Buffered Address Bit 4 Oo 
Buffered Address Bit 3 O 10c¢_) GND Ground" : 
Buffered Address Bit 2 Oo tic | BA1/ Buffered Address Bit 1 oO 
Buffered Address Bit 0 9) 12c | BOI Buffered Phase 1 Clock Oo 
Ground 13c | BSYNC Buffered Sync 
Buffered Set Overflow 14¢ | BDRQ1/ | *Buffered DMA Request 1 
Buffered Ready 15¢ | GND Ground 
"User Spare 1 16¢ | -12V/-V |*-12 Vde/-V 
+12W4+V 1442 Vdo/+V 17c "User Spare 2 
/GND | Ground Line 48c | BFLT/ | Buffered Bus Float | 
BDMT/ Buffered DMA Terminate : 19¢ | BOO *Buffered External Phase 0 Clock 
“User Spare 3 20c | GND Ground 
BR/W/ Buffered Read/Write “Not” 2ic | BDR@2 =| *Buffered DMA Request 2 
“System Spare 22c | BRW Buffered Read/Write oO 
GND Ground 23c | BACT/ Buffered Bus Active | 
BIRQ/ Buffered Interrupt Request 24c | BNMI/ Buffered Non-Maskable Interrupt I 
Bo2/ Buffered Phase 2 “Not” Clock 25¢ | GND Ground - 
Bo2 Buffered Phase 2 Clock 26c | BRES/ -Buffered Reset @) 
BD7/ Buffered Data Bit 7 27c | BD6/ Buffered Data Bit 6 vO 
GND Ground i 28c | BDS/ Buffered Data Bit 5 | vo 
BD4/ Buffered Data Bit 4 29c | BD3/ Buffered Data Bit 3 vo 
BD2/ Buffered Data Bit 2 30c | GND Ground _ 
aD1/ Buffered Data Bit 1 | | 31c | BDO/ Buffered Data Bit 0 VO 
+5V +5 Vde 32c | GND Ground 





Notes: ; : 
*Not used on this module. Signal name reflects RM 65 Bus reserved function. 










CONNECT TO 

AIM 65/40 CONNECT TO: 
SBC MODULE 2M CABLE RM.65 BUS 
EXPANSION 9 ———_»_—______... RECEPTACLE 
CONNECTOR 


BUS ACTIVE 








DATA na 
EAS TRANSCEIVERS DATA 
BUS FLOAT 
+5V 
ADDRESS 
ADDRESS 
BUFFERS ADDRESS 
BANK ADDRESS 
CLOCK a 
AND CONTROL CLOCK 
CONTROL BUFFERS AND 
CONTROL 
DMA TERMINATE 


RIM65-7141E Adapter Cable and Buffer Module Block Diagram 
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Adapter Cable and Buffer Module for AIM 65/40 


RM65-7141E 
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RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 





SPECIFICATIONS | f 


Characteristic 





Dimension (See Notes) : 
Width , 100 rim (3.9 in.) 
Length 160 mm (6.3 in.) 
Height (see Note 1) 14 mm (0.56 in.) | 


Weight 1.0 Ib. (140g) 


Power (Supplied from AM 65 Bus) +5V + 5% 170 mA (0.85 W)—Typical 
270 MA (1.35 W)—Maximum 


Environment 
Operating Temperature orc to 70°C 
Storage Temperature —40°C to 85°C 
Relative Humidity — 0% to 85% (without condensation) 


Propagation Time (maximum) . : 35 ns Address Bus 
70 ns Data Bus (ref BACT/) : 


Interface Connectors 


AIM 65/40 Expansion Connector 64-pin DIN connector (0.100 in. centers) per DIN 41612 (mates with Burndy 
" RPIS6B32POA02K9 or equivalent) 





RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 


Interface Cables 
Number of Cables One 
Cable Length i 2.m (78 in.) 
Type Flat ribbon 
Number of conductors per cable 64 
Wire Size #28 AWG 
Connectors (Part Number) J1 Winchester 965-6053-0531-12 or equivalent 
; J2 Winchester 645-6053-422-12. 
T & B Ansley 609-641 -2 
Cannori 006D64R3BAL or equivalent 





Notes: 


1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). Allow an additional 19 mm (0.75 in.) for the connector on 
the bottom of the module and cable bend. 


2. The length does not include extensions beyond the edge of the module due to connectors or the module ejector. 
3. The dimensions conform to DIN 41612. , 


172 MM 
_@- (6.8 IN,) 









J2 





EUROCARD 
VERSION 


















2M MATING ~~ . we 
( ‘ MOTHERBOARD 





8 IN. OA 
oe AND RECEPTACLE 
EUROCONNECTOR 
S ‘COMPONENT AREA: 
CABLE din so ope see 








Module Dimensions 


9-115 








OR 


Rockwell 


RM 65 MICROCOMPUTER MODULES. 


The RM65-7201E Design Prototyping Module is one of the 
-hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. ae 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user furic- 


tions. A selection of card cages provides: packaging flexibility. ° 


RM 65 products may also be used with Rockwell AIM 65 and 
AIM 68/40. Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


*  RM65-7201E Design Prototyping Module 









RM65-7201E 
RM 65 Microcomputer Family 


-RM65-7201E 
RM 65 DESIGN PROTOTYPING MODULE 


FEATURES 


Compact size—approximately 4” x 614” (100 mm x 160 mm) 
Provision for mounting mass-terminated cable connectors 
All wire-wrap holes pre-drilled on 0.100.in. centers 
Provision for installing decoupling capacitors 

Spacing for 0.300, 0.400 and 0.600 in. wide components 
+5V and ground extended throughout the module 

Isolated power strips allow connection to other supply voltages 


PRODUCT OVERVIEW 


The AM65-7201E Design’ Prototyping Module allows you to 
develop custom application circuits for installation injany RM 65 
motherboard. — : 


Power and return lines are prerouted throughout the module. - 
Plated-through holes, spaced beside the power lines, permit 
wire-wrap sockets to be installed. The hole pattern allows manual 
or automatic wire-wrapping. The holes at the /O end of the 
module accept a variety of wire-wrap flat ribbon cable connec- 
tors. Additional predrilled holes permit mounting of decoupling 
capacitors. 





RM65-7201E Design Prototyping Module 


Document No. RMAG65NO6 — 
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Data Sheet Order No. RMO6 
Rev. 3, August 1983 
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RM65-7201E 


Design Prototyping Module 


RM 65 Bus Pin Assignments _. 


. Bottom (Solder ivi Top al tae Side) 


Signal’ 
,Mnemonk: Signal Name 


Mnemonic Signal Name 


Ground ; 
Buffered Bank ‘Address 
Ground 
Buffered Address Bit 13 
’ Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 
. Buffered Address, Bit 5 
Buffered. Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
- Ground .- 
Buffered Set Overtlow . 
. Buffered Ready 
‘User. Spare 1 
+42 Vde/+V 
Ground Line ~ 
Buffered OMA Terminate 
' User Spare 3 
. Buffered. Read/Write “Not” 
‘|. . System Spare 
Ground 
Buffered Interrupt Request 
Buffered Phase 2 “Not” Clock 
Buffered Phase 2 Clock 
Buttered Data Bit 7 
Ground 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 


+12W+V 
- GND 
BDMT/ 


INSTALLATION: 


Before installing: the module, inspect for damage and grease, 
dirt, liquid or other foreign, materials that will alfect performance. 


a, 


Solder jumpers between the. isolated. power strips and the 
power (rays +12/+V, or -12V/— “V) traces. as required. 
CAUTION . 


Before proceeding, ansure that the power strips are not 
shorted 6: GND. 


2 Solder: power fiter capacitors: as required between the power 


strips. and: GND." 


1. Insert Wire-wrap Sekar: into: the ‘decked: holes. Solder 
two pins (on opposite ends of the socket). to the associ- 
ated feedthrough to hold the socket In place. 


2. Insert the solder stakes for mounting: of discrete compo- 


nents, power connection and test points into the desired. 


holes and solder to the associated feedthroughs. 


3. Insert and solder individual or strip stakes into connector 
holes. for all RM 65 bus signals used on the module. 


: Install ads wire components © on the Design Prototype Module: ° 
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+5Vde «. 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground’ 
Buffered pares Bit 9 

_ Buffered Address: Bit 7 
Buffered Address Bit 6: 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 

a Buttered, Phase 1 Clock 
Buttered Sync 
Buffered DMA. ‘Request 1 
Ground 
=12 Vde/— Vv 
User Spare 2. 
Buffered Bus Float 

. Buffered. Externat Phase 0 Clock 

' Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
Buffered Non-Maskable Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 





4. Wire v wrap wires between the protruding pins and other 
pins or perenne traces as required. 


ue Double check the hookup to ensure proper connection. 


CAUTION 


Ensure that no power lines are shorted to GND before 
Installation into the‘RM 65 bus. Shorting power to ground 
may damage your circuitry, module, power supply and/or 
interfacing modules unless deka current limiting protec- 
‘tion: is provided. 


e..Install components into sockets as required. 


f. Remove power from the ‘RM 65 bus. 


CAUTION 


Never install or remove modules with power on—it may 


cause damage to your module and/or host system. 


g. Insert the module in the RM 65 Bus motherboard or single 


card adapter receptacle. 


h. Apply power to the RM 65 bus. 








RM65-7201E | | | Design Prototyping Module 






SPECIFICATIONS je 
| 


Dimensions (1, 2, 3) . 
Width 3.9 in. (100 mm) 
Length 6.3 in, (160 mm) 
Height 0.56 in. (14 mm) 


: Welght ; 2.5 oz. (65 g) 
RM 65 Bus Interface 64-pin plug (0.100 in. centers} per DIN 41612 (Row b is not installed) 


_Cornponent Mounting Area: 
Number of Component Hole Columns: 
Number of Component Hole Rows: 
Number of +5V power strips: 
Number of isolated power strips: 
Number of ground strips: 
Vertical hole spacing: 0.100 in. 
Horizontal hole spacing: 0.100 in. 


aie 
. Height includes the maximum values for component height above the board surface: (0. 4 in. for populated modules), printed circuit board 
thickftess (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extensions due to the module ejector. 

3. Dimensions conform to DIN 41612. 





6.8 IN. MATING 
(172 MM) : . MOTHERBOARD 
AND RECEPTACLE 


LENGTH 


4 


—n EUROCARD CONNECTOR 
ay COMPONENT AREA , 


} { 


WIDTH 1! HEIGHT fey Se NeaeTSeS 
t! . 
i ; 


Lt 


j 
sae Sener 


EXTENSION 
Module Dimensions 
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Rockwell 


RM65-7211E 
RM 65 Microcomputer Family 


RM65-7211E 


RM 65 EXTENDER MODULE 





RM 65. MICROCOMPUTER MODULES 


The RM65-7211E Extender Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and iow cost. 
Software for. RM 65 systems can be developed in R6500 
‘Assembly Language, PL/65, BASIC and FORTH: Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any.card in any slot. .The.64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 


electrical noise and includes growth provisions for user func-. 


tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No.. 
RM65-7211E 








: Description 


Extender Module , 






FEATURES 


e Extends al! RM 65 Bus Lines 
e Terminals for GND and +5V 
e Assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM 65 Extender Module physically extends a module that 
is electrically connected to an RM 65-motherboard. This sim- 
plifies signal tracing and troubleshooting by providing access-to. 
the module outside of its. card cage or enclosure. 


The RM 65 Extender Module consists of a series of bus lines 
~connecting the RM 65 connector plug on one end, to an AM 65 
compatible connector receptacle on the other end. The lines are 
connected pin-for-pin between the plug arid receptacle. 


RM65-7211E Extender Module 


Document No. RMA65N07 


Data Sheet Order No. RM07 


Rev. 2, June 1983 
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Extender Module 





“RM65-7211E 


’ RM 65 Bus Pin Assignments 


' Bottom (Solder Side) Top (Component Side) 






Signal . 
.. Mnemonic. 






+12V/+V 
GND 
BDMT/ 


BRIW/ 


GND 
- BIRG/ 
Be2/ 
oe 
BD7/ 
GND 
BD4/ 
BD2/ 
BO1/ 
__ +5§V 


INSTALLATION 






Signal Name 


Ground 
Buffered Bank Address 


+12 Vde/+V 
Ground Line 


' Buffered DMA Terminate 


User Spare 3 

Buffered Read/Write “Not” 
System Spare 

Ground 

Buffered Interrupt Request 
Buffered Phase 2 “Not” Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 


' Ground 


Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5. Vde 


“Before installing the: module, inspect for damage and grease, 
dirt; liquid or other foreign materials that will affect performance. 


a. Turn power off to the RM 65 bus. 


CAUTION 


Never install or-remove modules with power on—it may 
cause damage to the host system or the modules being 


connected or disconnected... 


b. Remove: module to be extended from the RM 65 card cage 


{if present). 
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+5V 
BA15/ 


Signal , 
P. nemonic Signal Name 


in | M 
1c: , 


+5 Vde 
Buffered Address Bit 15 


_ Ground BA14/ Buffered Address Bit 14° 
| - Buffered Address Bit 13 BA12/ Buffered Address Bit 12 
Buffered Address Bit 11 GND Ground - 
Buffered Address Bit 10 BA9S/ Buffered Address Bit 9 
Buffered Address Bit 8 BA7/ Buffered Address Bit 7 
Ground ee te BA6/ Buffered Address Bit 6 
’ Buffered Address Bit 5 BA4/ Buffered Address Bit 4 
. Buffered Address Bit 3 GND Ground 
Bulfered Address Bit 2 BA1/ Buffered Address Bit 1 
Buffered Address Bit 0 Bf Buffered Phase 1 Clock 
Ground BSYNC Buffered Sync 
‘Buffered Set Overflow BDRQ1/ Buffered DMA Request 1 
Buffered Ready Ground 
User Spare 1 —12 Vde/-V 


User Spare 2 

Bulfered Bus Float 

Buffered External Phase 0 Clock 
Ground 

Buffered DMA Request 2 
Buffered Read/Write 


_Buffered Bus Active 


Buffered Non-Maskable Interrupt 
Ground - 


Buffered Reset 


Buffered Data Sit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 


‘Buffered Data Bit 0 
Ground 


Insert the Extender Module in a vacant card slot in the card 
cage and connect it to the motherboard. 


Connect the module to be extended to J1 of the Extender 


Module. 


Module. 


Apply power to the RM 65 bus. 


CAUTION 


Be sure the extended module is properly supported to 
prevent damage to the module and/or the Extender 








RM65-7211E | | Extender Module 





SPECIFICATIONS 





Parameter 


Dimensions (1, 2, 3) — 
Width 3.9 in. (100 mm) 
Length 7.4 in. (187 mm) 
‘Height hie 0.56 in. (14 mm) 


3.2 oz. (90 g) 





Interface Connectors a : 
RM 65 Bus ; 64-pin plug (0.100 in. centers) per DIN 41612 (Row 5 is not used) 


RM 65 Module 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not used) 


Notes: 

1. Height includes the maximum values for component height above the board surtace (0.4 in. for populated modules}, printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 








‘MATING 
MOTHERBOARD 
AND RECEPTACLE 


—n ' EUROCARD CONNECTOR 


M 1. 


" 
WIDTH | HEIGHT 

i! e 

a“ I 

La 
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INTEGRAL MODEMS 
Highest Quality, Performance at Competitive Cost 


Rockwell International’s high-speed integral modem 
subsystems offer better performance and greater reliability 
than any others. They’re also more cost effective and are 
optimized to match more applications than others. That's 
why Rockwell produces more high-speed integral modem 
subsystems than any other company. 

The chances are, if you're using a high-speed box 
modem, a Rockwell subsystem is in it. Practically every 
facsimile machine uses our modems. Rockwell is, by far, 
the leading supplier to Japanese facsimile machine 
manufacturers. With 99.6% of our subsystems accepted by 
incoming inspection, we have documented an MTBF of 
200,000 hours, or about 23 years between service calls. 

As for performance, our modems don’t lose a bit in a 
million, even over long distance lines of the commercial 
telephone network. Much of this is because of our signal 
processing capabilities, equalization and diagnostics. 

Built-in diagnostics, such as ‘eye: pattern and mean 
squared error, allow thorough modem testing. Several 
stages of equalization permit accurate transmission over 
even unconditioned lines. In fact, adaptive equalization, 
which compensates for phase shifts and frequency delays, 
was originated in modem technology under a basic patent 
owned by Rockwell. 


Rockwell Integral Modem Subsystems Lead The Industry 


1973 


Much of modem technology came from Rockwell 
International. Our first modems date back to vacuum tube 
versions in 1955. We made the first LSI integral modems in 
1969. Today, we cover all speeds from .1200.to 9600. PPS: 
with a 14,400 bps model to be announced. 

Our newest: third-generation LSI family members are 
designed to be addressed as microcomputer peripherals, 
thus simplifying design and reducing costs of the host 
equipment. They’re on interchangeable cards, small 


‘Eurocard sized, ’so you can switch communication. speeds 


, without expensive design changes. 





MTBF (Thousand Hours) 
ACCEPTANCE (%) 


And, they’re optimized for specific applications—for box 
modems and statistical multiplexers, for facsimile 
equipment, for use in multi-point system terminals, etc. 

They’re also low in price and readily available. Being the. 
largest manufacturer lets us. pass our advantages: on to our 
customers. We offer the best cost/pertormance modem 
subsystems, with the highest reliability. There’s no one else 
close. 


1983 


Reliability’ 
(MTBF) 





CARD SIZE (Sq. In.) 
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ROGFAX 


9600 BPS FACSIMILE MODEM 





PRELIMINARY 


INTRODUCTION 


The Rockwell R96FAX is a synchronous serial 9600 bps modem 
designed for operation over either dedicated unconditioned lines 
or over the general switched telephone network. 


The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 ter, and of Recom- 
mendations T.30, T.4 and T.3. 


The R9Y6FAX is specifically optimized for use in Group Ill 
Facsimile machines with the added capability of Group II 
compatibility. The small size and low power consumption of the 
modem offer the user flexibility in creating a 9600 bps modem 
design customized for specific packaging and functional 
requirements. 


The modem is capable of operating at 9600, 7200, 4800, 2400, 
and 300 bps. 


FEATURES 


* Ultimate User Compatibility: 

— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, 7.3 
Group Ill and Group || Facsimile 

Half-Duplex (2-Wire) 

Programmable Tone Generation and Detection 
Dynamic Range -43 dBm to 0 dBm 

Diagnostic Capability 

Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link Amplitude (Selectable) 

¢ DTE Interface: , 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

Small Size — 100 mm x 65 mm (3.94 = 2.56 inches) 
Low Power Consumption (2 Watts, Typical) 

Transmit Output Level (+5.5 dBm +0.5 dB) 

TTL and CMOS Compatible | 





RO6FAX Modem > 


Document No. 29200N06 
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TECHNICAL SPECIFICATIONS 


The following are the technical eee for the Rvekon 
modem. 


TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 


The transmitter tonal signaling and carrier frequencies are given 
in the following tables: 
T. 30 Tonal Signaling Frequencies 


Specification 
. Frequency Type (Hz + 0.5 Hz) 


Calling Tone (CNG) 
Answer Tone (CED) 
Group Il Identification (C12) . 


Group If Command (GC2) 

Group Il Confirmation (CFR2, MCF2). 
Line Conditioning Signal (LCS) 

End of Message (EOM) 

Procedure Interrupt (PIS) 


Carrier Frequencies © 


‘Frequency Type 


T.3 Carrier (Group Il) 
V.27 ter Carrier 
Vv, 29 Carrier 


"Specification 
' (Hz + 0.5 Hz) 


TONE GENERATION” 


Under control of the host processor; the R96FAX can ‘generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000-Hz are attenuated. 


TONE DETECTION 


In the 300 bps FSK receive configuration; the Presence of tones 


at preset frequencies is indicated.by bits ia theinterface memory - 
of the R9GFAX. The frequencies and responses may be.altered ~ 


by the user via microprocessor control. 


SIGNALING AND DATA RATES” 


The signaling and data rates for the. ROGFAX are defined’ in the 
table below: 
Signaling/Data Rates ot 
” Specification 
(+ 0;01%) 
2400 Baud- 
9600 bps, 
7200 bps, 
4800 bps 
"-4600-Baud 
4800 bps 


= .4200 Baud. 
2400 bps 


Parameter 


Signaling Rate: 
Data Rate: 


Signaling Rate: 
Data Rate: 


Signaling Rate: 
Data Rate: 





DATA ENCODING 


At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad-. 
bits) forming a 16-point structure. At 7200 bps, the data stream 











is divided into three bits (tribits) forming an 8- -point structure. 
At 4800 bps, the data stream is. divided into two bits ame) 
forming a 4-point structure. ~~ «... 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 ter. 


At 1200 baud, the 2400 bps data'stream is encoded inté dibits 
per CCITT V.27 ter. 


EQUALIZERS 


The R96FAX provides equalization functions which can be used 
to improve performance when operating over poor: lines... 


Cable Equalizers me Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 


Link Amplitude Equalizer — The selectable compromise 
amplitude equalizer may be inserted into the transmit and/or 
receive paths under control of the transmit amplitude equalizer 
enable and the receive amplitude equalizer enable bits in the 
interface memory. The amplitude select bit controls which of two 
amplitude equalizers i is selected. | 


Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is. provided in the receiver circuit for V.27 and V.29 
configurations. The equalizer can be configured as either a T 
or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


if neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions: 


‘1. 1200-Baud. Square root of 90 percent 
“2. 1600: Baud. Square root of 50 percent 


3. 2400 Baud.” Square root of 20 percent 
The out-of-band’ transmitter -power limitations meet those 


:+ Specified by Part 68 of the FCC’s Rules, and typically exceed 
‘the roaulremmenis of foreign telephone regulatory bodies. 
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SCRAMBLER/DESCRAMBLER 


The ROGFAX incotporates ‘a self-synchronizing scrambler/— 


descrambler. This facility is in accordance with either V.27 ter 
or V.29. depending on the selected configuration. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R96FAX can adapt to received 


frequency‘error of up to + 10 Hz with less than a 0.2 dB degrada- 
tion.in BER performance. Group Il carrier recovery capture range 
is 2100 + 30 Hz. 


RECEIVE LEVEL 


The receiver circuit of the R96FAX satisfies all specified perform- 
ance requirements for received line signal levels from OdBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 





ROGFAX 


9600-bps Facsimile Modem 





RECEIVE TIMING 


in the receive state, the R96FAX provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a +0.01% fre- 
quency error in the associated transmit timing source. 


TRANSMIT LEVEL . 


The transmitter output level is fixed at +5.5dBm +0.5 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide —0.5 dBm +0.5 dB to the load. 


TRANSMIT TIMING ; 

In the transmit state, the R96FAX provides a Data Clock (DCLK) 

output with the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz (40.01%). In Group I, OCLK tracks an external 
10368 Hz clock. 

2. Duty Cycle. 50 +1% 


Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 


TURN-ON SEQUENCE 


A total of ten selectable turn-on sequences can be generated 
by the R96FAX, as defined in the following table:. 


Turn-On Sequences 


RTS-CTS 
fre [vm | var | ey 


9600 bps 
7200 bps 
4800 bps 











4800 bps? 
2400 bps? 


















Preceded 
By Echo 
Suppressor 
Disable 
Tone 


9600 bps 
7200 bps 
4800 bps 









1. Turn-on sequences six through ten can be generated for 
lines with protection against talker echo. 
2. V.27 ter long training sequence only, 






TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud-or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20-ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 1's followed by a 20 ms period of no 
transmitted energy. 


CLAMPING 


The following clamps are. provided with the RO6FAX: 
1. Received Data (RXD). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 
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2. Received Line Signal Detector (RLSD). RLSD is clamped off 
(squelched) during the time when ATS is on. 

3. Extended Squeich, Optionally, RLSD remains clamped off for 
130 ms after the on-to-off transition of RTS. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 253 ms for V.29, 708 ms for V.27 
ter at 4800 bps, and 943 ms for V.27 ter at. 2400 bps. 


The time between the on-to-off transition of RTS and the on-to- 
off transition ‘of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 ter or V.29, RLSD turns on at the end of the train- 
ing sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 +10 ms. The ALSD on-to-off 
response time for V.27 is 10 +5 ms and for V.29 is 30 +9 ms. 
Response times are measured with a signal at least 3 dB above 
the actual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data bits 
have appeared on RXD. 


Two threshold options are provided: 
1. Greater than -43 dBm (RLSD on) 
Less than -48 dBm (RLSD off) 

2. Greater.than -47 dBm (RLSD on) 
Less than -52 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the réceived. 
signal is less than -43 dBm. 


A minimum. hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied tothe receiver's audio input (RXA):. 


MODES OF OPERATION 


The R96FAX is capable of being operated in either a serial or 
a.parallel mode of operation. 


SERIAL MODE 


The serial mode ‘uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USAT device 
(shown in the R96FAX Interface Diagram) illustrates this 
capability. 


PARALLEL MODE 


‘The R96FAX has the capability of transferring channel data eight 
bits at a time via the microprocessor bus. 








ROGFAX 


USAT 
(OPTIONAL) 


ips ts tee a 


‘READ 
WRITE 


[oma avs a , 


|. DEcoDERIO 


| PROCESSOR 


MODE SELECTION 


Selection of either the serial or parallel made of operation is by 
means of a control bit. To-enable the parallel mode, the control 
bit must. be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the RO6FAX is con- 
figured by the host processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin ribbon connector. Software circuits are assigned to 
specific bits in a 32-byte interface memory: 


HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
the R96FAX Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080: microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or peor’ 
microprocessors. 


R96FAX Hardware Supervisory Circuits 
‘Description: 


A. OVERHEAD: 


GND 

+5 volts 
+ 12 volts 
=12) volts, 
POR 





Ground 
+5 volt supply - 
+12 volt supply 

- —12 volt supply 
Power-on-reset 





ROSFAX 
MODEM 
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EYEX 
LE YEY 
EYESYNC 
EYECLK 


EYE 
PATTERN 
GENERATOR 


+ 12V 


POWER 
SUPPLY - 


- LINE 
TELEPHONE 


LINE 
INTERFACE 








“ROGFAX Functional Interconnect Diagram 
ROGFAX Hardware Supervisory: circuits (Cont: ) 



















RS3. 

RS2 I 8 Register Select (4 Bits) 
RS1 I 27 

RSO | 10 

cso I 6 Chip Select for Bank 0 
Ccs1 | 18 Chip Select for Bank 1 
READ 4 Read Enable 

WRITE J 2 Write Enable 





Interrupt Request 


| IRQ Oo 32 
C. V.24 INTERFACE: 





Data Clock 










DCLK oO 
 XCLK : I 22 External Clock for Group Ht 
ATS I 19. Request-to-Send 
CTS om 17 Clear-to-Send 
 TXD ! 20 Transmitter Data 
RXD oO 21 Receiver Data’ 
Oo Received Line Signal Detector 















Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 


















9600 bps Facsimile Modem 








Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
Characteristic 
CSi, RSi setup time prior 
to Read or Write 
Data Access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write , 


Write data setup time 
Write data hold time 
Write strobe pulse width 








INTERFACE MEMORY 


The R96FAX has two banks of 16 registers to which an. exter- 
nal (host) microprocessor has access. Although these registers 
are. within the modem, they may be addressed as part of the 
host processor’s memory space. The host may read data out 
of or write data into these registers. These registers are referred 
to as interface memory. See RY6FAX Interface Memory table. 
Registers in bank 0 update at the modem sample rate (9600 bps). 
Registers in bank 1 update at the selected baud rate. 


When information in these registers is being discussed, the format 
Y.Z:Q is used, The bank'is specified by Y(O or 1), the register 
by 2(0-F), and the bit by Q(0-7, 0= LSB). A bit is considered to 
be ‘‘on” when set to a 7. 
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R96FAX interface Memory 


(HEX) 
Bank Reg No. Description 


Diagnostic Control 

Handshake Status 

Do Not Use 

Do Not Use’ 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Option 

Configuration 

Diagnostic Data Real MSB’s; FREQM 

Diagnostic Data Real LSB’s; FREQL 

Diagnostic Imaginary MSB's 

Diagnostic Imaginary LSB’s; Data 
Transfer Register 


ia) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


O-NWOA NONI DWOPTOOTMMN 


Diagnostic Control 
Handshake Status 

RAM Write Control 

Gil AGC Slew Rate Select 
Tone Detect Indicator 

Do Not Use 

Do.Not Use 

Do Not Use 

Receiver Status — 

Do Not Use 

Receiver Status 

Receiver Status 

Diagnostic Data:Real MSB's 
Diagnostic Data Real LSB’s 
Diagnostic !maginary MSB’s 
Diagnostic Imaginary LSB’s. « 


ee ee a ee ee ee a ee ee ee ee 
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SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R9GFAX is affected by'a number of soft- 
ware control inputs. These inputs are written into registers within 
the modem via a microprocessor bus under external control. 
Modem operation is monitored by various software flags that are 
read from modem registers using the same microprocessor bus. 
The functions of all modem I/O registers are listed in the R96FAX 
Interface Memory table and are defined as foliows: 


CONFIGURATION REGISTER 


The host processor configures the R96FAX by writing a control 
byte into the configuration register (0:4) in its interface memory 
space as shown in the following table: 


Configuration Register (0:4) 


| Bit7 | pits | sits | Bits | aita | 


| Bit2 | pitt | Bio | 
| tuxmT | @2 | sk | v29 | ve7 | oad | one | 


DR1 
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Definition of Configuration Terms: 
TNXMT. Tone Transmit 


G2. Group Il Facsimile 

FSK. 300 bps FSK/Tone Detection 

v29. V.29 Configuration 

V27. V.27 Configuration 

DR3. Selects 9600 bps/V.29 

DR2. Selects 7200 bps/V.29, 
Selects 4800 bps/V.27 

DRT. Selects 4800 bps/V.29, 


“Selects 2400 bps/V.27. : 


Control words ‘for the five configurations are given in’ hee 
adecimal format in the following table: 


Contiguration Control Words. - 








Configuration 


V.29 9600: 
V.29.7200 
* V.29 4800. . 


V.27 4800 
_ V.27 2400. 


FSK 
Group ll 40 
Tone Transmit { 










_ Configuration Word (HEX) | 




































Definition of Configurations: 
1. V.29. When any of the V.29 configurations has been 


selected, the modem. operates as specified in CCITT Recom- 
mendation V.29. 


2. V.27. When any of the V.27 configurations has been 
selected, the modem operates as specified in CCITT Recom- 
mendation V.27 ter. 


3. FSK. The modem operates as a. CCITT T.30 compatible 
300 bps FSK modem having characteristics of the CCITT 
V.21 channel 2 modulation system, 


4. Group Il. The.modem operates as a CCITT T.3 compatible 
AM .madem. This permits transmission to and reception from 
Group II facsimile apparatus. A carrier frequency of 2100 Hz 
is used. A white signal is transmitted as maximum carrier. 
A black signal is transmitted as no carrier. The phase of the 
carrier representing white is reversed after each transition 
through black. 


"When in the receive state, the R96FAX recovers the carrier 
of the rémote transmitting modem to perform a coherent 
demodulation of the incoming signal. This allows a baseband 
of 3400 Hz to be recovered. The recovered baseband signal 
is made available on the microprocessor bus as diagnostic 
data. 


The baseband signal is converted to black or white by com= 
paring the received signal level. with a preset threshold 
number. This number may be changed by the user. 
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5. Tone Transmit. 


Receiver data is presented to the RXD output at a rate of 
10368 samples per second. The user should strobe the data 
‘on the rising edge of the data clock (DCLK). A logical:1 level 
(high voltage). represents white. ‘A logical 0 level (low voltage) 
represents black. 


In this configuration, activating signal ATS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The laast 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz +0.01%. The 
frequency generated is: f = 0.146484 (256 FREQM + 
FREQL) Hz +0.01%. 


Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are shown in the following chart: | 


Commonly Generated Tones 


Frequency 
- 462. Hz 
1100 Hz 





_ 1650.Hz 
-1850°Hz | 
2100 Hz 








OPTION REGISTER 
The host processor conveys option information to the ROGFAX 


by writing a control byte into the Option Register (0:5) in its 
memory space as shown in the table below: 


Option Register (0:5) 








“ars [ros [|__| eis [Soexr] Te _[unri | 


Definition of Option Terms: 


ATS. Request-to-Send. 

TDIS. Training Disable 
- EDIS. Echo Protector Disable 
SQEXT. Squelch Extend 


T2. T/2 Equalizer 
Lower Receive Threshold 


Definition of Options: 

1. Request-to-Send. - The RO6FAX operates in the receive state 
unti! RTS (0:5:7) is turned.:on. At that time the modem 
switches to the transmit state and remains there until RTS 
is turned off, arid the turn-off sequence has been completed. 


‘2. Training Disable. When the TDIS bit (0:5:6) is on in the 
receive state, this bit prevents the modem from entering the 
training phase. When turned on prior to RTS going on, this 
bit prevents the generation of a training sequence at the start 
of transmission. , 





ROGFAX 9600 bps Facsimile Modem 








w- 


Echo Protector Disable. If the EDIS bit (0:5:3) is on, an STATUS BITS 
‘unmodulated carrier is transmitted for 185.to 200 ms followed 
by 20 to 25 ms of no transmitted energy at the beginning of 
the training sequence. This option is available in both the V.27 
and V.29 configurations although it is not specified in the 
CCITT V.29 Recommendation. 


The status bits are defined in the following table: 


Status Bits 


Description 


Data Available (Zero) goes on when the 
RO6FAX writes data into registered 0:0. It is 
reset when the host processor reads or writes 
register 0:0. DAO is used in the parallel mode 
and also for diagnostic data retrieval. 







‘4. Squeich Extend. When on, the SQEXT bit (0:5:2) inhibits 
reception of signals for 130 ms after RTS is turned off. 






1A0 Interrupt Active (Zero) is on when bank 0 is 


causing IRQP to be active. 
























5. T/2 Equalizer. lf the T/2 equalizer bit (0:5:1) is off, an adap- 
tive equalizer with one tap per baud is used. If the T/2 bit FED 


Fast Energy Detect, when off, indicates energy 
is on, an adaptive equalizer with two taps per baud is used. I 


on the receiver input. Not used for Group II. 
P2DET 





































When off, P2DET indicates a P2 sequence has 
been detected. Sets to 1 at start of PN 
6. Lower Receive Threshold. When on, the LRTH bit (0:5:0) sequence. 
lowers the receiver turn-on threshold from -43 dBm to PNDET When off, PNDET indicates a PN sequence 
-47 dBm. has been detected. Sets to 1 at end of PN 
sequence. 
CDET When off, CDET indicates that energy is being 
DISCRETE CONTROL BITS detected and a training sequence is not 
; present. Goes off at start of data state. 
The discrete control bits are defined in the following table: Be 
; DA1 Data ‘Available (One) goes on when the 
AYGFAX writes data into register 1:0. It is reset 
‘ ; ‘ when the host processor reads or writes 
Discrete Control Bits register 1:0. 
Description 1A1 Interrupt Active (One) is on when bank 1 is 
pee causing IRQ to be active. 
PDM When on, PDM places the R96FAX in the oe 
: parallel made and inhibits bank 0 diagnostics. F3 When on, these bits indicate reception of their 
ee respective tonal frequencies if the RO6FAX is: 
SETUP | 0:E:3 When on, SETUP causes. the RO6FAX to F2 configured in FSK. Default frequencies are: 
reconfigure to the control. word: in the con- F3 = 462 Hz, F2 = 1100 Hz, and F1 = 
figuration register. and to assume the options FA 2100 Hz. 
specified for equalizer (0:5:1) and threshold : 
(0:5:0). Resets automatically. Note: Bit 0:4:0 
through 0:4:4 should only change state while «. 
RTS is off to prevent errors in transmission. ° ae : 
EQ" | O:E:2, When on, Interrupt Enable (Zero), causes the DIAGNOSTIC CAPABILITIES 


IRQ output to be low when the DAO bit 
(0:E:0) is on. 
RAMW_ }-1:0:0 RAMW, when on, causes the 16-bit word in 
locations 1:0-and 1:1 to be written into RAM 
"at the location specified in tne diagnostic con- 
trol register (1:F). 


The R96FAX provides the user with access to much of the data 
stored in the modem’s memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
circuits are given in the table below: 


J3L 1:D:4 Japanese 3 link, when on, selects this 
standard for link amplitude equalizer, when off | 
selects U.S. survey long. 


) RLE 1:0:5 Receiver link equalizer, when on, enables the 
link amplitude equalizer in the receiver. 


TLE 1:0:6 Transmitter link equalizer, when on, enables 
the link amplitude equalizer in the transmitter. 


G2FGC | 1:C:0 G2FGC, when on, selects a fast AGC rate in 


Hardware Diagnostic Circuits 























Group I. EYEX Eye Pattern Data — X Axis 

: i EYEY Eye Pattern Data — Y Axis 
1E1 1:E;2 When on, Interrupt Enable (One) causes the EYECLK Eye Pattern Clock. 

IRQ output to be low when the DAT bit EYESYNC Eye Pattern Synchronizing 





: (1:E:0) iS on. Signal 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words. 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE: DIAGNOSTIC CIRCUITS 


Two diagnostic control registers are provided in the interface 
memory to allow user access to various RAM locations within 
the modem. The access code stored in bank 0 (0:F) selects the 
source of data for the real and imaginary diagnostic data 
registers in bank 0 (0:0 through 0:3). Similarly the access code 
‘stored In bank 1 (1:F) selects the source of data for registers 
1:0 through 1:3. Bank 1 also provides the user with the ability 
to.store the contents of registers 1:0 and 1:1 in the RAM loca- 
tion specified in register 1:F:.Writing is performed by turning on 
control bit RAMW (1:13:0). Reading is performed by handshak- 
ing with the appropriate Data Available status bit. The eight most 
significant bits of real and imaginary data from bank 1 are also 
presented serially on EYEX and EYEY respectively. 


RAM ACCESS CODES (READ) 


The RAM Access Codes defined in the table below allow the 
host processor to read diagnostic information within the A96FAX. 


RAM Access Codes (Read) 











0 Received Signal Samples Real 
Demodulator Output. . 2 Camplex 
Low Pass Filter Output 54 Complex 
. One Baud Energy 04 Imaginary . 
AGC Gain Word — MSB’s 01 Real 
| AGC Gain Word — LSB's 01 Imaginary 
1 Equalizer [nput 40 | Complex 
Equalizer Tap Coefficients 01-20 | Complex 
Unrotated Equalizer Output 22 Complex 
Rotated Equalizer Output 22 Complex 
(Received Point-Eye Pattern) 
Decision Points (Ideal) 62 Complex 
Error Vector - 63 Complex 
Rotation Angle 00 Imaginary 
Frequency Correction — MSB’s 28 Real 
Frequency Correction — LSB’s 28 Imaginary . 
Group ll Base Band Signal 4B Real’ 
Group ! Threshold 2A Imaginary 
EQM 2B Real 











RAM ACCESS CODES (WRITE) 


The RAM access cades defined in the following table allow the 
host processor to write parameter information into the R9GFAX. 
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RAM Access Codes (Write). 






Function 


; Gil Black/White Threshold 
; F1 A10- 

Fi 811 
Fil 612 
F1 AO0O 








Access 








Imaginary — 
Imaginary 
imaginary 
Imaginary 
_ Imaginary 
_ Imaginary 
imaginary 
Imaginary 
fmaginary © 
tmaginary 
tmaginary 
” Imaginary 
Imaginary 
Imaginary 
Imaginary 
| Imaginary 
‘” Imaginary 
_ Imaginary 
‘Imaginary 
Real 
Real 
Reat 
Real 
Real 
Real — 













































POWER-ON INITIALIZATION... 


When power is applied to the ROGFAX, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


At POR time the modem defaults to the following configuration: 
V.29/9600 bps, T/2 equalizer, serial mode, training enabled, echo 
protector disable tone, no extended squelch, higher receive 
threshotd, interrupts disabled, no link equalizer, RAM access 
codes 00. 


POR can also be used to initialize the users’s host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. - 


PERFORMANCE 


Whether functioning as a V.27 ter or V.29 type modem, the 
R96FAX provides the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at.a received line signal 
level of -40 dBm as illustrated. 


Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15° peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30° peak-to- 
peak phase jitter at 120 Hz (scrambler inserted). 


At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence 
of 15° peak-to-peak phase jitter at 60 Hz. 
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At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60° peak-to-peak phase jitter at 30 Hz. 


4800 BPS V.27 TER 
7200 BPS V.29 


9600 BPS V.29 


2400 BPS V.27 TER 
300 BPS 4800 BPS V.29 


Bit Error Rate 


10 12 14 16 18 20 22 24 








SIGNAL TO. NOISE RATIO (dB) 





Typical Bit Error Rate Performance 


’ NOISE 
SOURCE 
GR1381 


50 KHZ BW 


MODEM LINE IMPAIRMENT 


TRANS- SIMULATOR SOURCE 
MITTER BRADLEY 2A 


ENGINEERING 
MODEM 
CONSOLE 


INTERFACE CIRCUIT CHARACTERISTICS 


DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Aliowed Input Voltage Levels 


0.0V to +0.8V at -—0.01 mA 
+2.0V to +5.0V at +0.1 mA 


Notes 

1. The digital inputs are directly TTLW’CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 





Digital Output Characteristics 


Input Logic State Allowed input Voltage Levels 


0.0V to +0.4V at +1.6 MA 
+2.4V to +5.0V at -40 pA 








Notes 
1. The digital outputs are directly CMOS and TTL compatible. 
2. Positive current is defined as current into the node. 





ANALOG INTERFACE CIRCUITS 


Transmitter Output — The transmitter output is a low 
impedance operational amplifier output. To match to 6002, an 
external series resistor is required. 


Receiver Input — The receiver input impedance is 63.4K 
ohm +5%,. 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
HP 350D 


ATTENUATOR MODEM 
HP 350D RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


Signal and noise are measured with 3 KHz flat weighting. 





BER Performance Test Set-up 
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Auxiliary Analog input — The auxiliary analog Input (AUXIN) 
allows access to the transmitter for the purpose of interfacing 
with user provided equipment. Because this is a sampled data 
input signals above 4800 Hz will cause. afiasing errors. The input 
impedance is 1K ohm and the gain to transmitter output is OdB. 


.156 OIA HOLE 


40 PIN RIGHT 
ANGLE HEADER 





Header Pin Assignment Printed Circuit Board Dimensions 


R96FAX SPECIFICATIONS 


Power 


current pean «|S arent we) 


+5% <500 
t 5% <10 
+5% <50 





Note: All voltages must have ripple «01 volts peak-to-peak. 


Environmental 





Parameter Specification 












Temperature 
Operating O°C to +60°C (32 to 140°F) 
Storage —40°C to +90°C (-40 to 176°F) (Stored in heat sealed antistatic bag and shipping container) 
Relative Humidity Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 












Mechanical 


- Parameter Specitication 


Board Structure Single PC board with single right angle header with 40 pins 
3VH50/IJND5 or equivalent mating connector. 


Dimensions Width—2.56 in. (65 mm). 
Length—3.94 in. (100 mm) 
Height—0.40 in. (1.02 cm) 
Weight Less than 0.16 lbs. (0.07 kg) 
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R96DP 
integral Modems 


RS6DP . 


9600 BPS DATA PUMP MODEM 





Rockwell 


PRELIMINARY 


INTRODUCTION 


The Rockwell R96DP is a synchronous serial 9600 bps modem 
designed for full-duplex operation over either four-wire dedicated 
unconditioned iines or half-duplex operation over the general 
switched telephone network. , 


‘The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 bis/ter. 


The small size and low power consumption of the modem offer 
the user flexibility in creating a 9600 bps modem design 
customized for specific packaging and functional requirements. 


The modem is capable of operating at 9600, 7200, 4800, and 
2400 bps. 


FEATURES 


« User Compatibility: 
— CCITT V.29, and V.27 bis/ter 
Full-Duplex (4-Wire) 
Hailf-Duplex 
Programmable Tone Generation 
Dynamic Range -43 dBm to 0 dBm 
Diagnostic Capability 
Equalization: 
— Automatic Adaptive 
— Compromise Cable (Selectable) 
— Compromise Link (Selectable) 
© DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 
© Loopbacks (V.54 Loop 2, 3 and 4) 
— Local Analog 
— Remote Analog (Locally Activated) 
— Remote Digital (Locally Activated) 
Smail Size — 100 mm x 120mm (4.0 x 4.8 inches) 
Low Power Consumption (3 watts, typical) 
Programmable Transmit Output Level 
TTL and CMOS Compatible 





Document No. 29200N07 


RO6DP Modem 


Data Sheet Order No. MD07 
March 1984 








R96DP 


9600 bps Data Pump Modem 





TECHNICAL SPECIFICATIONS 

The following are the technical specifications for the R96DP 
modem, 

TRANSMITTER CARRIER FREQUENCIES 


The transmitter carrier frequencies are giver in the following 
table: 
Transmitter Carrier Frequencies 


. Specification 
Frequency Type ; (Hz +0.5 Hz) 
V.27 bisiter Carrier 1800 
V.29 Carrier 1700 
TONE GENERATION 


Under control of the host processor, the R96DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 











SIGNALING AND DATA RATES 


The signaling and data rates for the R96DP are defined in the 
table below: ot 


Signaling/Data Rates 


| bs Specification 
Parameter o (+ 0.01%) 


Signaling Rate: 2400 Baud. 

Data Rate: 9600 bps, 
7200 bps, 
4800 bps 


1600 Baud 
. 4800 bps 







Signaling Rate: 
Data Rate: 


Signaling Rate: 
Data Rate: 





DATA ENCODING 


At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bisi/ter. 


At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 


EQUALIZERS 


The A96DP provides equalization functions that improve per- 
formance when operating over low quality lines. 


Cable Equalizers — Selectable compromise cable equalizers 

_ in the receiver and transmitter are provided to optimize perform- 
ance over different lengths of. non-loaded cable of 0.4 mm 
diameter. 


1200 Baud 
* 2400 bps 


10-14 


Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-link. ©* a 


Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit. The equatizer'can 
be configured as either a T or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 
1. 1200 Baud. Square root of 90 percent — 

2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 
The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC’s Rules, and typically exceed 


the requirements of foreign telephone regulatory bodies. . 


SCRAMBLER/DESCRAMBLER 


The R96DP incorporates a -self-synchronizing scrambier/ 
descrambler. This facility is in accordance with either V.27 bis/ter 
or V.29 depending on the selected configuration. 


RECEIVED SIGNAL 


FREQUENCY TOLERANCE 


‘The receiver circuit of the R96DP can adapt to received 


frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 


RECEIVE LEVEL 


The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 
to -43 dBm. The received line signal level is measured at the 


receiver analog input (RXA). 


RECEIVE TIMING 


The R96DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 
data bits. The timing recovery circuit is capable of tracking a 
+0.01% frequency error in the associated transmit timing 
source. — 


TRANSMIT LEVEL 


The transmitter output level is accurate to + 1.0 dB and is pro- 
grammable from —1.0 dBm to ~ 15.0 dBm in 2 dB steps. 


TRANSMIT TIMING 


The R96DP provides a Transmit Data Clock (TDCLK) output with 

the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, or 
2400 Hz (+0.01%). , 

2. Duty Cycle. 50% +1% 
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Input data presented on TXD is sampled by the R96DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 


EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
‘data rate to +0.01% with a duty. cycle of 50% +4 20%. 
TURN-ON SEQUENCE 


A total of 14 selectable turn-on sequences. can be generated 
as defined in the following table: 


Turn-On Sequences 


_ , CTS 
Response Time 
V.27 bis/ter | (milliseconds) 





Comments 


4800 bps long 
2400 bps long 
4800 bps short 
|2400 bps short 


Preceded by 

Echo Suppressor 
Disable Tone 

for lines using 
echo suppressors* 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


“For short echo protect tone, subtract 155 ms from values of 
CTS response time. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
‘10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 1's followed by a 20 ms period of no 
transmitted energy. 


CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (ALSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-On Sequences table. 
if training is not enabled RTS/CTS delay is less than 1 ms. 
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The time between the on-to-off transition 6f RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 bis/ter or V.29, RLSD turns on at the end of the 
training sequence. If training is not detected at the receiver, the 
RLSD off-to-on response time is 15 +10 ms. The RLSD 
on-to-off response time for V.27 is 10 +5 ms and for V.29 is 
30 +9 ms. Response times are measured with a signal at least 
3 dB above the actual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 


Four threshold options are provided: 
1. Greater than —43 dBm (RLSD on) 
Less than - 48 dBm (RLSD off) 

2. Greater than —33 dBm (RLSD on) 
Less than - 38 dBm (RLSD off) 

3. Greater than — 26 dBm (RLSD on) 
Less than — 31 dBm (RLSD off) 

4. Greater than -— 16 dBm (RLSD on) 
Less than -—21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than -—43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 


MODES OF OPERATION 


The R9G6DP is capable of being operated in either a serial or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R96DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. 


MODE SELECTION 


Selection of either the serial. or paralle! mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a'1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R96DP is configured 
by the host processor via the microprocessor bus. 
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R96DP Functional Interconnect Diagram 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 


HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
. the R9S6DP ‘Hardware Supervisory Circuits table. The micro- 
processor interface i is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 


ROGDP Hardware Supervisory Circults 


[ee Ivo] rine, [Swern 
> a A. OVERHEAD: : 


31C,32C —_‘|Analog Ground 
3C,8C,5A,10A |Digitat Ground 
. 1.419C,23C,26C,30C |.+5 volt supply 
+12 volts } 1] 15A +12 volt supply 
~12 volts 12A -12 volt supply 
POR Power-on-reset 
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RO6DP Hardware Supervisory Circuits (Cont.) 


[Wome [v6 | PinNo. [Description | 
B. MICROPROCESSOR INTERFACE: 









Data Bus (8 Bits) 


Register Select (4 Bits) 







Chip Select for Bank 0 
Chip Select for Bank 1 
Chip Select for Bank 2 
Read Enable 
Write Enable 
Interrupt Request 















Receive Data Clock 
Transmit Data Clock | 
External Transmit Clock 
Request-to-Send 

_ Clear-to-Send 
Transmitter Data 

Receiver Data’ : 

Received Line Signal ‘Detector 
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ROGDP Hardware Supervisory Circuits. (Cont.) registers are collectively referred to as interface memory. See 


vo | Pin No. R96DP Interface Memory table: Access to the three banks of 


registers (bank 0, bank 1 and bank 2) is enabled by the Chip 


—___—_—____ Select signals CSO, CS1 and CS2 respectively. Four Register 
Receiver Baud Clock Select signals (RSO, RS1, RS2, and RS3 are provided to address 
Transmitter Baud Clock 












an individual register within an enabled bank. Registers in bank 4 
operate at the sample rate of 9600 samples per second. 


TXA Transmitter Analog Output Registers in banks 0 and 2 operate at the selected baud rate. 
RXA . Receiver Analog Input ; 
AUXIN Auxiliary Analog Input 


R96DP Interface Memory _ 


(HEX) : 
Reg No. _ Description | 


Do Not Use 
Transmitter Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

‘Do Not Use 

Do Not Use 

Transmitter Option 
Transmitter Configuration 
Equalizer ~~ 
Loop/Level 
FREQM 

FREQL 

Do Not Use | 
Transmitter Data 


Do Not Use p 

Receiver Sample Handshake 

Do Not Use 

Do Not. Use 

Receiver Baud Status Ae 

- Do Not Use a 
Receiver Sample Status 2. 
Receiver Sample Status 1 
Receiver. Option 
Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 

‘ Diagnostic Data. XSM 

Diagnostic Data XSL 

Diagnostic Data YSM 

Diagnostic Data YSL; 

Receiver Data 













































Microprocessor Interface Timing Diagram 


Critical Timing Requirements 





CSi, ASi setup time prior, 
to Read or Write 


Data access time after Read 


aes eee rnin f[OTTOOCAGGGOGGAGaAaO 


O-NHAUGAVHROPTOOMTN/O=noasuornwmoyrDoumn 

























Data hold time after Read ee Not Use 

‘ CSi,-RSi hold time after Be Nol Use Spore ee 
Read or Write Do Not Use 
_| Write data setup. time - Do Not Use 
Write data ‘hold time Do Not Use. 
Do Not Use 
Write strobe pulse width Do Not Use 
Do Not Use 
Do Not Use 





Diagnostic Control XB 
Diagnostic Control YB 
Diagnostic Data XBM 
Diagnostic Data XBL 
Diagnostic Data YBM 
Diagnostic Data: YBL 


INTERFACE MEMORY 


The R96DP has three banks of 16 input/output (I/O) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor’s: memory space. These I/O 


O+ANHAMOVEN>STDOOMNT : 
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When information. in these I/O. registers is being discussed, the 
format Y:Z:Q is used. The bank is specified hy Y(0-2),-the register 
by Z(0-F), and the bit by Q¢o- “7, O= pone iA bit is: considered to 
be:“on” when set to a 1. 4 


SOFTWARE SUPERVISORY CIRCUITS | 


The operation of the RO6DP i is affected bya number of ' software 


control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by.an X are ‘Don't Care” inputs that can be set to 
either 1 or 0. Modem. operation is monitored by various software 
‘flags that are read from modem registers. using the same 


microprocessor bus. “Bits designated by an X are ‘‘undefined’’. 


"outputs that may; -be either 1 or 0. The functions of all modem 
I/O registers are Jisted. in the Re6DP Interface Memory table and 
‘are defined as follows: 


TRANSMITTER CONFIGURATION REGISTER 


The host processor configures the RO6DP transmitter by writing. 


‘ac contro! byte into. the transmitter configuration register (0:6) in 
its interface memory space as shown: in the following table: 


Transmitter Configuration. Register (0:6) .. 


[eae awe pew ine ink ee fmea s oa | 





Grwart [0 [ters [ves [x _[ Tore | tore [TOR 


Definition of Transmitter Configuration Terms: 


TNXMT. Tone.Transmit. *. 

TLTS.. Transmitter Long Training Sequence 

Tv29. Transmitter V.29.Configuration 

TOR3. ‘Transmitter Data Rate 3 (Selects 9600 bps/V.29) 

TOR2. ‘Transmitter Data Rate 2 (Selects .7200 bps/V.29, 
and Selects 4800 bps/V.27) 

TDA. Transmitter Data Rate 1. (Selects 4800 bps/V.29, 


and Selects 2400 bps/V.27) 


Control bytes. for the three configurations. are given in hex- 
adecimal format in the following table: 
Contentions Control Bytes 


V.29 9600 
V.29 7200 


V.27 4800 Long 

'V.27 2400 Long. _ 
V.27 4800 Short |. 
V.27 2409 Short 
Tone Transmit 








Definition of Transmitter Contigurations: 


-1.:V.29. When any of the V.29 configurations have. been 
selected, the modem epetales as Specified in CCITT. recom- , 
mendation V.29. - 


2. V.27. When any af the V.27 configurations have been 
"selected, the modem operates as specified i in CCITT recom- 
mendation V.27. 


3. Tone Transmit. “Inthis configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency . - 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 

Cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit: represents 0.146484 Hz +0. 01%. = 


V 


TRANSMITTER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte. into the Option Register (0:7) in its - 
interface memory space: as ‘shown in the-table below: - 


e Transmitter Option Register (0:7) ate 





ATS), TTDIS | $DIS 





: Definition ot Tranamitter Sciisis Terms: 
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ATS: Request-to- -Send 

TTDIS:.. Transmitter Training Disable 
SDIS: ‘Scrambler Disable 

MHLD: Mark Hold ~ 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 
XCEN: External Clock Enable 

SEDT: 


_ Short Echo Protection Disable Tone © 


Definition of Transmitter Options: 

1. Request-to-Send. ‘The A96DP | begins a transmit’ ‘sequence 
when the RTS bit (0:7: Ai is turned on and continues transmit- 
ting until RTS is. turned off and the turn-off sequence has been 


completed. This input bit paraltels.the operation of the hard- 
-ware. RTS control’ input. 


2. Transmitter Training Disable. : _When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate-a training sequence 
-at the:start of transmission. 


3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 
' transmitter scrambler cireuit is removed from the data path. 


4. ‘Mark Hold. When the: MHLD bit (0:7:4) is on, the transmit. - 
ter input data stream is forced to all marks (1's). 


5. Echo Protector Disable. When the EDIS.bit (0:7:3) is.on, an 
unmodulated carrier is transmitted for 185 ms (optionally 
30-ms) followed: by 20 ms of no transmitted energy at the start 
of transmission. Note that this‘option is available in both V.27, 
‘and V.29 configurations although:it is ‘not specified in the 
CCITT V.29 recommendation. — 


a 
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6. Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 


7. External Clock Enable. When the XCEN bit (0:7:1) is on, the 


transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 22A). 


8, Short Echo Protector Disable Tone. When the SEDT bit (0:7:0). 
is on, the echo protector disable tone is 30 ms long rather 
than 185 ms. 


EQUALIZER 


The host processor conveys equalizer selection information to 
the modem by writing a control byte into the equalizer register 
(0:5) in the interface memory space as shown in the following: 





Definition of Equalizer Terms: 
CABS1,2: Cable Equalizer (Selects bits 1 or 2) 


LAEN: Link Amplitude Equalizer Enable 
LDEN: Link Delay Equalizer Enable 
ASL: Amplitude 3-Link Select 

DSL: Delay 3-Link Select 


Definition of Equalizer Parameters: 


1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 


in both the transmit and receive paths. The following table 


gives the possible bit combinations. 


Cable (0.4 mm diameter) Equalizer Selection 


a Cable Length 








2. Link Equalizer. The link equalizér. enable and select bits 
control separate amplitude and delay compromise equalizers: 
in the receive path. The following tables give the possible: bit 
combinations. 


Link arprade Equal Selection 


| LAEN _ Curve Matched 
0 


No Equalizer 
: 1 
1" 








x: 
0 “U.S. Survey Long 
1 Japanese 3-Link 
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Link Delay Equalizer Selection | 


“LOEN Curve Matched 


x. No Equalizer © 
0 
1 ‘ 


U:S. Survey Long 
LOOP/LEVEL 


_ Japanese 3-Link. 
The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte into the 
loop/level register (0:4) in the interface memory space as shown 
in the following me 






iaaanteee Register (0;4) 





Definition of Loop/Level Terms: 





L3ACT: Local Analog Loopback (CCITT loop 3) Activate 
L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 
L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) 
L2ACT: 


Remote Digital Loopback (CCITT loop 2) Activate 


Definition of Loop/Level Control: 


1. Loeal Analog Loopback Activate. When the L3ACT bit (0:4:7) 
is on, the transmitter analog output is coupled to the receiver 
analog input through an attenuator.in accordance with CCITT 
recommendation V.54 loap 3. 


2. Remote Analog Loopback Activate. When the L4ACT bit 
(0:4:6y is on, the receiver analog input is connected to the 
transmitier analog. output through a variable gain amplifier. 


3. Loop 4 High Gain: When the L4HG bit (0: 4:5) is on, the loop 
4 variable gain amplifier is ‘setfor +16 dB. When L4HG is 
off, the gain is 0 dB. 


4. Remote Digital Loopback Activate. When the L2ACT bit 
(0:4:1) is on, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT recommen- 
dation V.54 loop 2. 5 


5, Transmitter Level Select 3, 2 and 7. Trarismitter analog out-,. 
put level is determined by bits TL3,TL2, and TL1 as shown 
in the following table: 


Transmitter Level Selection 
Transmitter Analog Output 


$0.5 dB‘ 
+0.5 dB 
+0.5 dB 
+0.5 dB 
+0.5 dB 
+0.5 dB 
n +0.5 dB 
n +05 dB 





0 0 
0 0 
0 1 
0 ’ 
1 0 
1 0 
1 | 
1 Yq 


, Each step is a 2 dB change +0.2 dB 
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TRANSMITTER DATA 


The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
‘divided on integral baud boundries as shown in the following 
table: 


Transmitter Data Register (0:0) 


enteon [a7 Tone [a son «fs [sn aon [v2 
29 20 bs] x [Band [ao | 
var eo] “x [ sums [ tno 


NOTE: Data Transmitted Bit O First. 











FREQM/FREQL 


The host processor. conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREAQL registers 
(0: 3 and 0:2) in the. interface memory space as shown in the 
following tables: : 


| FREGM Register 
[er7 | es | ers | ets [eta | ere | Bits | Bio | 
| ae | ame foe paw | an foo | | | 
FREQL Register 
| pt7 | pre | prs | ors | Ba | er2 | Birt | Bro 
RARE Eee 
‘The frequency number (N) determines the frequency (F) as 
follows: F =0.146484N Hz +0.01%. 


Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 


Commonty Generated Tones 


462 Hz 
- 1100 Hz 


-1650 Hz 
1850 Hz 
2100 Hz 





TRANSMITTER HANDSHAKE | 


The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:£) in the interface memory space as shown 
in the following table: 


Transmitter Handshake Register (0:E) 
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Definition of Transmitter Handshake Terms: 


TIA: Transmitter. Interrupt Active 
TSB: Transmitter Setup Bit 

TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Available 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The TBA bit goes off when the 


host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 


2. Transmitter Interrupt Enable. When the host processor writes 
‘a 1 in the TIE bit, the: ind. line of the hardware interface 
is. ‘driven low when TBA is on. 


3. Transmitter Interrupt Active. Status bit TIA ison whenever 
the transmitter is driving IRQ low. 


4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1.in 
the TSB bit. Bit TSB. goes to 0 when the change becomes 
effective. — . 


RECEIVER CONFIGURATION - 


The host processor configures the receiver by writing a control 
byte into the raceiver configuration register (1:6) in the interface 
memory space as shown in the following table: 


Receiver Configuration Register (1:6) 


Bitz | sits | irs | sire | ea | ez] eit | Biro | 
Xx | x fats | rvze | x | RAS | RDR2 | RORI | 


Definition of Receiver Configuration Terms: 


ALTS: Receiver Long Training Sequence 

RV29: Receiver V.29 Configuration 

RDR3: Receiver Data Rate 3 (Selects 9600 bps/V. 29) 
RDR2: Receiver Data Rate 2 (Selects 7200 bps/V.29 and 
, Selects 4800 bps/V.27) 

RDA: Receiver Data Rate 1 (Selects 4800 bps/V.29 and 


Selects. 2400 bps/V.27) 


Control words for the two receiver configurations are given in 
hexadecimal format in the following table: 


Receiver Configuration Control 


| No. | Configuration Configuration Word (HEX) 











1 V.29 9600 14 
; V.29 7200 12 
V.29 4800 W 





V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 
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Definition of Receiver Configurations: 


2 29, When any © “of the V.29 configurations has been 
‘selected, the transmitter operates as specified in CCITT 
recommendation V.29. 


. V.27, When any of the V.27 configurations has been selected, 
the transmitter operates as specified in CCITT recommen- 
dation V.27. 


2ECEIVER OPTION 


The host processor conveys option information to the transmit- 
er by writing a control byte into the option register (1:7) in its 
nterface memory space as shown in the following table: 


Receiver Option Register (1:7) 
[Bitz | ert | Bio | 
fara: | bois [prom | Swat |ewar| 2 _[RToIS| 


Jefinition of Receiver Option Terms: 











Bit 7 





4TH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DIS: Descrambler Disable 

3PDM: Receiver Parallel Data. Mode 

SWAT. Sample Write 

3WAT. Baud Write 

P2: T/2 Equalizer Select 

3TDIS: Receiver Training Disable 


efinition of Receiver Options: 


|. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
_RTH1 according to the following table: 


Receiver Energy Detect. Thresholds 


| Riso of | 





mm 


. Descrambler Disable. When the DDIS. bit (1:7:5) is on, the 
receiver descrambler circuit is removed from the: data path. 


3. Receiver Parallel Data Mode. When the RPDM bit (1 7: 4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. . 


4. Sample Write. When the SWAT bit (1 7:3) is on, the. 16-bit 
word in registers 1:1 and 1:0 is written in the RAM location 
specified by the contents of register 1: 4. 


. Baud Write. When | the BWAT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 and 2:0.is written in the RAM location specified 
~by the contents of register 2:4. 


wi 
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4. Receiver Setup: Bit. 


6. 1/2 Equalizer Select. When the T2 bit (1:7:1) is on;,.an adap- 
tive equalizer with two taps per baud is used. When T2 is off 
the equalizer has one tap per baud. 


7. Receiver Training Disable. When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 


RECEIVER SAMPLE HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface memory 
space as = enown in the following table:.’ 


Receiver Sample Handshake Register (1:£) 
| Bit7 | Bite [ers | Bes | eta | Bee | ent | Biro | 
asia | x | x [x [Assa[ nse | x [soa] 


Definition of Receiver Sample Handshake Terms: 


RSIA: 

RSSB: 
RSIE: 
RSDA: 


Receiver Sample Interrupt Active 
Receiver Sample Setup Bit. 
Receiver Sample Interrupt Enable 
Receiver Sample Data Available 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
trom register 1 :0. 


2. Receiver Sample Interrupt Enable, When the host processor 
.Writes a 1 in the RSIE bit, the IRQ line of the. hardware inter- 
face is driven low when RSDA is on. 


3. Recaiver Sample interrupt Active. Status bit ASIA is on 
whenever the Receiver Sample rate device is driving IRQ low. 


When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes tod when 
the changes become effective. 


RECEIVER ‘BAUD HANDSHAKE 


The host processor seroris a handshake sequence with the 
receiver baud rate device by controlling and testing bits in the . 


receiver baud handshake register (2:E) in the interface memory 


.- space as shown in the following table: 


Recelver Baud Handshake Register (2:6) 
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Definition of Receiver Baud Handshake Terms: 


RBIA: Receiver Baud Interrupt Active _ 
RBIE: Receiver Baud Interrupt Enable’ 
ABDA: Receiver Baud Data Available 


Definition of Receiver Baud Handshake Sequence: 


1. Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 


2. Receiver Baud Interrupt Enable. When the host processor 
writes a 1 in the RBIE bit, the TRO line of the hardware inter- 
face is driven low when RBDA is on. 


3. Receiver Baud Interrupt Active. Status bit RBIA is on 
whenever the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interlace memory space as shown in the 
following tables: 


Receiver Sample Status Register 1 (1:6) 





Definition of Receiver Sample Status Terms: 


P2DET: Period Two Detector 
FED: Fast Energy Detector 


Definition of Receiver Sample Status Conditions: 


1. Period Two Detector. When the P2DET bit (1:8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
“cates that energy above the receiver threshold is present in 
the'passband. 
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RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera-. 
tion.of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status. word (1:B) in 
the interface memory space as shown in the following table: 


Receiver Baud Status Register (1:8) 
Bit7 | Bite | Bits | Bit4 | Bits | Bit2 | Bit | Bito 
xX |PNDET| x x x x | CDET | | 


Definition of Receiver Baud Status Terms: 











PNDET: Period N Detector 
CDET: Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period N Detector. When the PNDET bit (1:B:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN.sequence. 


2. Carrier Detector. When the CDET bit (1:B:0) is off, it indicates - 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal. 


RECEIVER DATA 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit 0 received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES | 


The AY6DP provides the user with access to much of the data 
stored in the modem’s memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 


Hardware Diagnostic Circuits 


Eye. Pattern Data — X Axis 
Eye Pattern Data — Y Axis 


Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an.eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
‘edge of the EYECLK output. The EYESYNC output is provided 
for. word synchronization. The falling edge of EYESYNC may 
_ be used to transfer the 8-bit word from the shift register toa 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS 


‘Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic registers are related as shown in the 
following table: , 


Software. itd adic Registers 


Control. Data Word © Data Word 
Register Write Bit (MSB) (LSB) 
































Sample | XS (1:5) None *XSM (1:3) “XSL (1:2) 
Sample | YS (1:4) | SWART (1:7:3) |. YSM (1:1) ‘YSL (1:0)": 
‘| Baud XB (2:5) None ’XBM. (2:3) XBL (2:2) 
. Baud | YB (2:4)-| BWAT (1:7:2) | YBM (2:1) | YBL (2:0) 


*In parailel ‘ode, register 1:0 is used for receive data and 
not diagnostic data. , 


Data transfer is regulated by the appropriate. data available bit. . 


Reading always takes place at the designated rate, and data 
‘left in the data registers is overwritten each cycle. When, the 
“associated write bit is set, a write cycle is performed each time 
the. associated data available bit is off. 


The eight bits of registers 2:3 and 2:1 are continuously presented 


serially on’ hardware Iptensce fines EYEX.. and EYEY -. 


. ieepectively: 


-RAM ACCESS CODES 


The following table lists access codes for frequently used RAM 
data: 
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RAM Access Codes 





Function Access: 


| Imag. — 
Access | 
} Received Signal Samples : 
Demodulator Output 
Low Pass. Filter Output 
One Baud Energy 
AGC Gain Word — MSB’s 
AGC Gain Word — LSB’s 
‘ Equalizer Input» 
‘Equalizer Tap Coefficients 
Unrotated Equalizer Output 
Rotated Equalizer Output . 
(Received Points) ‘ 
| Decision Points (Ideal Data Points) 
Error : 
Rotation Angle ; 
Frequency Correction. (MSB’s) 
Frequency Correction (LSB’s) 
| EQM 








POWER-ON INITIALIZATION 


When power is applied to the A96DP, a period of 100 to 300 ms 
is. required for initialization. The power-on-reset.signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time’ 
the. modem defaults: to the following configuration: V.29, 
9600 bps, T/2, long ‘echo protect disable tone, serial data mode, 
intérnal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3 link curves. selected, 
transmitter output level ‘set to —0.5 dBm +0.5-dB, interrupts: 
disabled, ‘and receiver threshold set to - 43 dBm. 


POR can also be used to initialize the users's host processor. 


It may be connected to a user supplied power-on- -reset signal 
ina ‘wire-or configuration. 


PERFORMANCE 
Whether functioning.as a V.27 bis/ter or V.29 type modem, the 
R9S6DP provides the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 


modem is specified for a test configuration conforming to that 


. Specified in CCITT. recommendation V.56, except with regard 
_to the placement of the filter used: to bandlimit the white noise 


source. Bit error rates are ‘measured at a received ‘line signal 


‘Jevel of -40 dBm as illustrated. 


Phase Jitter —At 2400 bps, the modem exhibits a bit error. rate 
of 10-8 or less with a signal-to-noise ratio of 12:5 dB in the. 
presence of 15° peak-to-peak phase jitter at 150-Hz or-with a 
signal-to-noise ratio of 15 dB in the presence: of 30° peak: to-peak 


_ phase jitter at 120 Hz: (scrambler inserted). . 
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At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10 or less with a signal-to-noise ratio of 19 dB in the 
présence of 15° peak-to-peak phase jitter at 60 Hz. 


4800 BPS 
V.27-: 


AND : 
2400 BPS 4800 BPS 7200 BPS 9600 BPS 
N.27 v.29 v.29 v.29 


AN 
ANAM TL 
IN 


12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 


Bit Error Rate 
° 


—_ 
° 
w 
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Typical Bit Error Rate Performance 








At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60° peak-to-peak phase jitter at 30 Hz. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 
Input Logic State 





Allowed Input Voltage Levels 


0.0V to +0.8V at -—2.5 pA 
+2.0V to +5.0V at +2.5 pA 


‘Notes 

1. The digital inputs are directly TTL/CMOS. compatible. The 
capacitive foading on each ‘input is 25 pF (maximum). 
2. Positive current is defined as current into the nade. 


























Digital Output Characteristics 


Output Voltage Level 


+0.4V at +1.6 mA. 
+2.4V at —100 vA 






Output Logic State °° 


Low 
High 
Notes 
1. The digital outputs are directly TTL/CMOS compatible. 


Capacitive drive capability is 25. pF. 
2. Positive current is defined as current into the node. 














NOISE 
SOURCE 
GR1381 
50 KHZ BW 


















MODEM 
TRANS- 
MITTER 







IMPAIRMENT 
SOURCE 
BRADLEY 2A 


. LINE 
SIMULATOR 







ENGINEERING 
‘MODEM 
CONSOLE 












NOTE 
Signal and noise are measured with 3 kHz flat weighting. 


















LEVEL 
METER 
HP 35524 

















ATTENUATOR 
HP 350D 









MODEM 
' RECEIVER 





ATTENUATOR 
“HP 350D 











ENGINEERING 
MODEM}: 
CONSOLE 
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‘ROGDP 9600 bps Data Pump Modem 








ANALOG INTERFACE CIRCUITS 


Transmitter Output Level — The transmitter output level is 
. adjustable in 2 dB steps from ~ 0.5 dBm to — 14.5 dBm accurate 
‘to +0.5 dB. This level.is measured at TXA into a 600 ohm 

impedance. 


‘Recelver Input — The receiver input impedance is 63.4K 
ohm +5%, 


Auxillary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is 1K ohm and the gain to transmit- 
ter output is OdB. 7 


R96DP SPECIFICATIONS 


Power Requirements 


carvent (Man 


+5 Vde <700 mA 
+12 Vdc <20 mA 












-12 Vde <80 mA 
Note: All voltages must have ripple <0.1 volts peak-to-peak. 
Environmental 
Temperature: 


Operating— 
Storage— 


0°C to + 60°C (32 to 140°F} 
 -— 40°C to +90°C (-40 to 176°F) 
Stored in heat sealed antistatic bag 
and shipping container 
Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, ; 
_whichever is less. . at 


Relative Humidity: 


Mechanical information 


Board Structure: Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. 





Dimensions:. Width—3.94 in. (100 mm) 
Length—4,70 in. (120 mm) 
Height—0.55 in. (1.40 cm) 

Weight: _| Less than .22 Ibs. (.08 kg) 
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integral Modems 


ROGFT 


9600 BPS FAST TRAIN MODEM 





PRELIMINARY 


INTRODUCTION 


The R96 Fast Train (FT) is a synchronous, serial 9600/7200/ 
4800/2400 bps modem suitable for operation over dedicated un- 
conditioned lines. It satisfies the telecommunications require- 
ments specified in CCITT Recommendations V.29 and V.27 
bis/ter. 


The RO6FT is specifically optimized for use in a multipoint 
environment requiring a fast training sequence of less than 30 
msec at 9600 bps and !ess than 20 msec at 4800 bps. The op- 
tional secondary channel, small size (100mm by 160mm), and 
low power consumption (4 watts typical) offer the user flexi- 
bility in creating a 9600 bps modem customized for specific 
packaging and functional requirements. 


Data can be transferred to and from the modem either serially 
over the CCITT V.24 interface or in parallel-over the micropro- 
cessor bus interface. 


The R96FT is a member of Rockwell's family of plug compat- 
ible 9600/4800 bps modems. 


Product availability is winter, 1984. 





RIGFT Modem 


FEATURES 


e Configurations 

— CCITT V.29, V.27 bis/ter 
Fast Training Sequence <30 msec/9600 bps, <20 msec/ 
4800 bps 

Ideal for Multipoint Applications ; 

Plug Compatible with Rockwell RIEDP, R48DP Modems 
Secondary Channel (Optional) 110, 75 bps 

Dynamic Range: —43 dBm to 0 dBm 

Equalization 

— Automatic Adaptive 

—Compromise Cable (Selectable) 

—Compromise Link Amplitude (Selectable) 

DTE Interface: Two Alternate Ports 

—Microprocessor Bus 

—CCITT V.24 (RS-232-C Compatible) 

Diagnostics 

— Provides Telephone Line Quality Monitoring Statistics 
Programmable Transmit Output Level 

e Loopbacks 

—Local Analog 

—Remote Analog (Locally Activated) 

—Remote Digital (Locally Activated) 

Smal! Size—100mm x 160mm (3.94” x 6.30”) 

e Power Consumption—5 Watts Typical 

TTL and CMOS Compatible 





Document No. 29220N45 


Product Summary Order No. 645 
Rev. 2, March 1984 








ROGFT | | 9600 BPS Fast Train Modem 
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PATTERN 
ry ALSO GENERATOR 
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PROCESSOR 


LINE TELEPHONE 
INTERFACE “| LINE 


ADDAESS BUS (4) 








coo pg 
C.  mar. 
GO Op 
+5 
R9GFT Functional Interconnect Diagram 

SPECIFICATIONS 
Power Requirements 
+5 Vde+5% <900ma Temperature: Operating 0 to 60°C 
+12 Vde+5% <30ma Storage -— 40 to 90°C 


~—12 Vde+5% <130ma Relative Humidity: Up to 90% noncondensing, or a wet bulb 


temperature up to 35°C, whichever is less. 
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Integral Modems 


V96P/1 


HIGH SPEED 9600 BP DEM 
Rockwell 00 BPS MODE 





INTRODUCTION FEATURES 


The Rockwell V96P/1 is:a versatile, high performance, 9600 bps Sj ; ates 
modem on a single printed circuit board. Being CCITT V.29 and * Single printed circuit card 

V.27 compatible, the V96P/1 (with minimal interface circuitry) e 9600/7200/4800/2400 bps modes 
can operate on dedicated 2-wire or 4-wire half-duplex or 4-wire e Full-duplex or half-duplex 
e 
e 


full-duplex lines, The V96P/1 can also operate in half-duplex on Dedicated or general switched network lines operation 
the general switched network. Ultimate user flexibility: 


Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches — SEITE Vie Mer tet Ver pis conipatlble 
(16.0 cm), the V96P/1 is the smallest full-feature 9600 bps —Also 300 bps binary signalling per CCITT T.30 
modem that approaches data communication theoretical per- TTL compatibility 

formance limits. Automatic adaptive equalizer 

Analog loopback test circuitry 

0 to —45 dBm dynamic AGC 

LSI! signal processing 

High reliability 

Low power consumption: 

—Typically 3.5 watts 

e Automatic training sequence for receiver 


_ The V96P/1 meets the tolerances specified in the CCITT V.29, 
N.27 bis (alternate A), V.27 ter and FSK T.30 specifications. In 
addition, the V96P/1:can be configured to be functionally com- 
patible with those enhanced specifications available in the 
Rockwell V96P, M96GP, and V29P modem series. _ 





Document No. 29220N30 Data Sheet Order No. 630 
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FUNCTIONAL SPECIFICATIONS 


TRANSMIT CONTROLS 


HIGH SPEED DATA INPUT 


FSK DATA INPUT 


FSK OATA OUTPUT 


EYE QUALITY 


HIGH SPEED 
DATA OUTPUT 


RECEIVE CONTROLS 


RECEIVER 
LEARNING 
DEVICE 


TRANSMITTER 


High Speed 9600 BPS Modem 


TRANSMATER 
DEVICE 


LOW PA8S =o XM 
FILTEA Line 
| f SIGNAL 


LOOPBACK 


RECEIVER 
DEVICE 


‘BANDPASS 
RCV 
LINE 
AGC, SIGNAL 
THRESHOLD 
SELECT 





VS6P/1 Functional Block Diagram 


Transmit Carrier and Signalling Frequencies 
Carrier Frequency Codex 


Compatible QAM: 


Carrier Frequency V.29: 
Carrier Frequency V.27: 


Echo Suppression Frequencies: 


Signalling Frequencies of T.30: 


.1706.667 Hz + 0.01% 


1700 Hz + 0.01% 
1800 Hz + 0.01% 
2100 Hz + 0.01% 
2025 Hz + 0.01% 
1850 Hz + 0.01% 
1650 Hz + 0.01% 
1300 Hz + 0.01% 
1100 Hz + 0.01% 


Received Signal Frequency Tolerance 


The receiver can receive frequency errors of up to + 10 
Hz with less than a 0.2 dB degradation in Bit Error Rate 


performance. 


Data Signalling and Modulation Rate 


At 2400 baud: 
Signalling Rate— 
Data Rate — 


At 1600 baud: 
Signalling Rate— 
Data Rate— 

At 1200 baud: 
Signalling Rate— 
Data Rate— 


2400 baud + 0.01% 
9600. bps + 0.01% 
“7200 bps + 0.01% 
4800 bps + 0.01% 


1600 baud + 0.01% 
4800 bps + 0.01% 


1200 baud + 0.01% 
2400 bps + 0.01% 


Transmitted Data Spectrum 


At 2400 and 1600 baud the transmitted spectrum is shaped 
by approximately a square root of 50 percent raised cosine 
filter function. At 1200 baud the spectrum is shaped by 
approximately a square root of 90 percent raised cosine filter 
function. 


The 2400 baud configurations require a line with typical 
3002-C2 or M1020 characteristics over the frequency range 
from 450 Hz to 2950 Hz. The 1600 and 1200 baud rate con- 
figurations require a usable bandwidth ‘from 950 Hz to 2650 
Hz and 1150 Hz to’ 2450. Hz respectively. 


Data Encoding 


At 2400 baud the data stream is divided into groups of four 
bits. (quadbits), three bits (tribits), or two bits (dibits). The data 
rate of 9600 bps, 7200 bps, or 4800 bps is selected by a 16- 
point, 8-point, or 4-point data structure, respectively. For 
2400 baud operation, when V.29 configuration is selected, 
encoding of the quadbits, tribits, and dibits are per CCITT 
Recommendation V.29. 


At 1600 baud the data stream is divided into groups of three 
bits (tribits). The data rate af 4800 bps may use either an 8- 
point QAM structure or 8-phase structure. Encoding of the 
tribits in the 8-phase structure are per CCITT Recommen- 
dation V.27 ter. 


At 1200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 
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structure. Encoding of the diblts may be per the fallback rate 
of CCITT Recommendation V.27 bis and ter (same as V.26A) 
or V26B depending on the selected configuration. 


Turn-on, Turn-off Sequences 


The V96P/1 turn-on sequences are compatible with CCITT 
Recommendations V.29, V.27 bis (alternate i), V.27 and 
Rockwell M96P modem specifications. 


The turn-off sequences for all V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
onds of remaining data followed by continuous scrambled 1’s 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transrnitter key 
“signal for a recommended duration of 20 milliseconds. 


The turn-off sequences for all non-V.27 modes consists of 
4 to 7 milliseconds of remaining data foltowed by a period of 
no transmission energy. 


Ready For Sending Response Times. 


The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training tire. In the. folowing chart of configura- 
tions, the Training Times are shown in milliseconds. Note, 
_however, that the 1600 baud manual CCITT configurations 
actually specify the synchronizing sequence timing per CCITT 
V.27 rather than the training time. Also note the following 
abbreviations. 


Transmitter Configuration Inputs 1 through 
5. These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal. digit 
shown in the chart. 


ITC (1P-5P): 


IRC (1P-5P): 


Receiver Configuration Inputs 1 through 5. 


shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal! digit 
shown in the chart. 


IRSS (1P-2P), 


Receiver Signal Structure and Transmitter 
ITSS (1P-2P): 


Signal Structure. Where. P1 and P2 estab- 
lish an octal code of .0, 1, 2, or 3. They 
define the signal structures as follows: 
O selects 16-point QAM 
1 selects 8-point QAM 
2 selects 4-point QAM 
3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 


These five bits establish the octal code- 
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Received Line Signal Detector. (D109) 


The time response of the Received Line Signal detector cir- 
cuit (0109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. 0109 turns on for approximately 2 milliseconds 
after the echo protect tone disappears in the V27EP config- 
urations (Nos. 16, 18, 21, 23, 25, 29 and 32 in Table 1). 


For non-CCITT configurations (Nos. 7, 8 and 9 in the table 


on page 4), D109 momentarily goes on at the beginning of - 
the synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn-on threshold. If training is 
not enabled- at the receiver, D109 turns on in 5 to 15 
milliseconds. 


Three threshold options are provided: 


1) Greater than —43 dBm: D109 ON 
Less than —48 dBm: D109 OFF 

2) Greater than —26 dBm: D109 ON 
Less than — 31 dBm: D109 OFF 

3) Greater than —16 dBm: D109 ON 
D109 OFF’ 


Less than —21 dBm: 


The three threshold options are controlled by the condition 
of the THRESH1 and THRESH2 control lines as indicated 
below. 


dB Level THRESH1 THRESH2 
—43 dBm ON Open Circuit Open Circuit 
—26 dBm ON Open Circuit 0 to -0.5V 
-16 dBm ON C0 to —0.5V Open Circuit 


When the received signal drops 5 dB below the D109 turn 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of D109 between the selected turn-on and turn-off 
thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 


Recommended circuits to contro! THRESH1 and THRESH2 
input interface lines are shown in the diagrams on page 5 
{A, B and C). 


Bit Error Rates 


The V96P/1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 


The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 


V96P/1 Configurations 


Transmitter 
ITC (1P-5P) 


Configuration (Octal Code) 


2400 Baud DIAL 

2400 Baud DIAL — T/2 
2400 Baud P-P 

2400 Baud P-P — T/2 
2400 Baud V29 

2400 Baud V29 — T/2 
1600 Baud DIAL, CCITT DIAL 
1600 Baud DIAL — T/2 
1600 Baud DIAL Slow 
1600 Baud P-P 

1600 Baud P-P — T/2 
1600 Baud Echo 

1600 Baud Manual CCITT 


SoOMNDAAWONW = 


— ok ok 
ons 


= 
> 


1600 Baud Manual CCITT 


—_ 
ol 


1600 Baud V27 DIAL/P-P 

1600 Baud V27 DIAL/P-P EP 

1600 Baud V27 DIAL/P-P — T/2 

1600 Baud V27 DIAL/P-P — T/2 EP 
| 1600 Baud V27 Multipoint — T/2 

1600 Baud V27 Resync (use with 

configuration 15) 

1600 Baud V27 Resync EP (use 

with configuration 16) 

1600 Baud V27 Resync — T/2 (use 

with configuration 17) 

1600 Baud V27 Resyne — T/2 EP 

(use with configuration 18) 

1600 Baud V27 Echo 

1600 Baud V27 Echo EP 

1200 Baud DIAL 

1200 Baud P-P 

1200 Baud V27 DIAL/P-P 

1200 Baud V27 DIAL/P-P EP 

1200 Baud V27 Multipoint 

1200 Baud V27 Resync (use with 

configuration 28) 

1200 Baud V27 Resync EP (use 

with configuration 29) 


nN) — = ss ot 
SO AND 


NO 
= 


NOTE: Carrier frequency is 1706 2/3 Hz when IRSS (1P—2P) is a 1 (8-point). 


Receiver 
IRC (1P-5P) 
(Octal Code) 





Signal 
_ Structure 
IRSS (1P-2P) Training 
ITSS (1P-2P) Time 
(Octal Code) 


Carrier 
Frequency 
(msec) (Hz) 


320 1706 2/3 
320 +706 2/3 
280 1706 2/3 
280 1706 2/3 
233 1700 
233 1700 

181 NOTE 
181 NOTE 
221 NOTE 
141 NOTE 
141 NOTE 
480 NOTE 
20 (V.27 Sync | 1800 

Sequence) 
50 (V.27 Sync} 1800 
Sequence) 

708 1800 
923 1800 
708 1800 
923 1800 

50 1800 

50 1800 


265 1800 


50 1800 


o 


1800 


1800 
1800 
1800 
1800 
1800 
1800 
1600 
1800 


NOWOwWWWO® ® 


o 


1800 


Carrier frequency is 1800 Hz when IRSS (1P-2P) is a 3 (8-phase DPSK). 


Data Scrambler Selection 


The V96P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers), and a no-scramble option. These 
scramblers provide data transmitted by the V96P/1 with the 
degree of randomness necessary to ensure the continued 
convergence of all adaptive processes at the receiver. The 
seven possible scrambler contigurations that are user soft- 
ware selectable are: 


e Period 127 cryptographic 

e Period 127 synchronizing 

e CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendation V.29) 


@ Period 8,388,607 self-synchronizing (compatible with 
CCITT Recommendation V.29) 
e Period 127 self-synchronizing with 8-bit protection 
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e CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) 


e No scrambler 


All scramblers can be used with all modem configurations 
listed in the above table except for the cryptographic scram- 
bler which cannot be used in the CCITT V.29 configuration. 


MODES OF OPERATION 


The V96P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode’ 
the transmitted data, the V96P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing.of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 





V96P/1 | High Speed 9600 BPS Modem 













4800 BPS V27 TEAR 
2400 BPS V27 TER , 7200 BPS v29 


300 BPS 4800 BPS V29 ‘ 9600 BPS V29 




































































190°3 
THRESH1 
or THRESH2 
104 
Pe ep es Ww 
7 
q 
ff 
cz 
3 
a 
« 
J 
20K es 
CMOS 
wnneag? | (TO THRESH or 2 
10°8 
——» THRESHI or 2 
6 


Qo 2 4 6 8 10 12 14 16 18 20 22 «24 
SIGNAL TO NOISE RATIO 


Suggested Interface Circuits for Controlling Typical Bit Error Rate Performance 


_THRESH1 and THRESH2 Input Lines 




























NOISE 
SOURCE ATTENUATOR SETA 
GR1381 HP 3500 rigs 
50 KHZ BW 















IMPAIRMENT 
SOURCE 
BRADLEY 2A 






ATTENUATOR 
HP 350D 


LINE 
SIMULATOR 


MODEM 
RECEIVER 













NOTE 








THE V.56B CONFIGURATION INCLUDES A PERFECT 0.3 TO 3.4 KHzFILTER 





ENGINEERING 







ENGINEERING ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 
MODEM CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND MODEM 
CONSOLE 6.85 dB IS ADDED TO THE MEASURED S/N RATIO. ; CONSOLE 


BER Performance Test Set-up 
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connection is made. It is possible to'set up the receiver 
without a training sequence, but it is a manual mode requiring 
considerable user effort. In a fraining mode, an internal gen- 
erated pattern is transmitted to the receiver to facilitate syn- 
chronization. During the training mode, the data input line to 
the receiver is ignored and the output line does not reflect 
the state of the data input.» 


In the data mode of operation, information on the data input 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the. passband signal and outputs the recovered data on the 
output where it is then ready to.be strobed by the receiver 
signal element clock. 


Request To Send—Ready For Sending 


To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated, the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 


The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low. 


If the receiver enters the training mode, the receiver training 
mode indicator goes high untit.the: training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data made. 


Training Mode—Dial and Point-To-Point 


For dial and point-to-point configurations, the V9GP/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
frequency variable, which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer, which is part of the V9GP/1 structure. 


A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. In order for 
training to be successful, the incoming training sequence 
must have been generated by a similarly configured trans- 
mitter using a Compatible training sequence. 


At the receiver, detection of.a training sequence requires that 
there be sufficlent signal energy and that the receiver's car- 
rier frequency variable be within 30 Hz of nominal. 


Training Resync (V.27 bis/ter Turnaround) 


In a 2-wire halt-duplex data communication system, data can 
be transmitted in only one direction at any given instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter, respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions for V.27 bis/ter. 
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The resyne configurations are used for reacquiring synchro- 
nization in turnaround operation without having to go through 
the normal long training sequence. The resync training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 


Training Mode—Multipoint 


In the V96P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 
‘train signal must be high to process the short training 
sequences; otherwise the receiver will ignore the training 


- sequence and enter directly into the data mode. The receiver 


will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire. circuits, a long training sequence should be used 
rather than the- multipoint configuration. These training 
sequences require that the receiver be in the proper dial/ 
point-to-point configuration. . , 


Training Mode—Manual 


The V96P/1 modem includes two manual configurations in 
which the remote madem need not transmit a special training 
sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
initialized by controlling three input terms—iCR, ICI and 
ICLCP—in synchronization with the Baud Rate Clock. 


In order to operate the modem in the manual configurations, 
both the transmitter and receiver must be set according to 
the code shown in Table 1 Modem Coniiguration. Manual 
configuration code octal 30 has a longer synchronizing 
sequence than configuration code octal 32, but both syn- 
chronizing sequences conform to the CCITT Recommen- 
dation V.27. However, neither sequence is of sufficient 
duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 


DATA QUALITY 


The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noisé ratio of the overall system within approximately + 
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2 db. Eye quality is determined by calculating the difference 


between the received signal point after equalization and the 

‘transmitted or expected signal point. The. receiver output 
DEQ2P is a filtered version of this error signal. It is a serial 
word clocked by the system bit clock (345.6 kHz or 230.4 
kHz, depending on baud rate). Output signal DQGTP is a 
gating signal which delineates the eight MSB’s of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem's performance can be 
obtained by displaying the received baseband signal struc- 


ture after equalization. This is done by converting the eight 
MSB's of the real and imaginary equalized signal points 
available on DREAP and DIERP to analog voltages which 
are then used to drive the horizontal ahd vertical sweeps of 
an oscilloscope. The resultant display will be a symmetrical 


dot pattern of 16 points, 8 paints, or 4 points which is a time . 


representation of the received baseband ‘signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- 
tion.-A typical visual eye pattern of a 4-point display is shown 
in the following diagram. 


DISPERSION 
DUE TO.GAIN 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 





CIRCLE REPRESENTS 
PROPER POSITION OF ERAOR, AND/OR GAIN 
HIGH QUALITY SIGNAL ERROR 


Typical Eye Pattern 


Success Indicator 


A second data quality indicator is provided for in all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This “suc- 
cess” output (DSUCP) will go high during the last one to 
- twenty milliseconds of receiver training, provided training has 


been successful. During the data mode (DRTMP low and 


D109 high), DSUCP will go high whenever 15 consecutive 


data marks or spaces are decoded at the receiver data . 


output. 
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ADDITIONAL CAPABILITIES 


The V96P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter’s output through a buffer 
amplifier to the receiver input, thereby allowing a check of 


.the local modem, The ILB command squelches the input to 


the receiver and loops the analog signal from the transmitter 
to the receiver input. 


An internal pattern generator is also incorporated in the 
modem which can be used when no modem. test set is 
avaitable. 


Tone Generation And Detection 


The transmitter can be used to transmit single frequency 


tones for disabling echo suppressors or for system signaling. 
Tones that can be. transmitted (selected through software 
control) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, 
and 2100 Hz. Other tones are also. possible and the carrier 
frequency can be altered by selection ot values for a binary 
bit stream. 


External Data Clock 


The data input to the transmitter can be clocked from an 
external source when the external clock is used as a refer- 
ence input to the data clock’s phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. 


300 bps FSK Modem Operation 


ACCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITT V.21 channel 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1100, 1300, 1650 and 1850 Hz tones. 





V96P/1 a High Speed 9600 BPS Modem 
SPECIFICATIONS 





V96P/1 Specifications 
DC Voltages” 


' Current (Typical) Current (Max) : 





















Tolerance .— 







+ 5 volt <200 ma 
+12 volt < 70'ma 
—12 volt <230 ma 


NOTE: All voltages must have ripple <0.1 volts peak-to-peak. 
Temperature: Operating: 0°C to + 60°C (32 to 140°F) 
Storage: —40°C to +80°C (—40 to 176°F) 
(Stored in heat sealed antistatic bag and shipping container) 


Up to 90% noncondensing, or a wet bulb temperature up to 35°C, which- 
-ever is less. . 


po Mechanicat 
Board Structure: Single PC board with edge connector 


Mating Connector: 100 pin, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
ommended Viking 3VHS0/IJND5 or equivalent mating connector. — 


Width—9. 168 in (23.338 cm) . Depth—6.288 in (15.972 cm) 
Less than 0.45 lbs (0.20 kg) 















Relative Humidity: 



























Dimensions: 
Weight: 
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Rockwell 


PRELIMINARY 


R48DP 


Integral Modems 





R4sDP 


4800 BPS DATA PUMP MODEM 





INTRODUCTION FEATURES 
The Rockwell R48DP is a synchronous serial 4800 bps modem e User Compatibility: 
designed for full-duplex operation over either four-wire dedicated — CCITT V.27 bis/ter 
unconditioned lines or half-duplex operation over the general * Full-Duplex (4-Wire) 
switched telephone network. ¢ Half-Duplex 
, ¢ Programmable Tone Generation 
The modem satisfies telecommunications requirements specified e Dynamic Range -43 dBm to 0 dBm 
in CCITT Recommendations V.27 bis/ter. e Diagnostic Capability 
, ¢ Equalization: 
The small size and low power consumption of the modem offer — Automatic Adaptive 
the user flexibility in creating a 4800 bps modem design — Compromise Cable (Selectable) 
customized for specific packaging and functional requirements. — Compromise Link (Selectable) 
. . . . * DTE Interface: . 
The modem is capable of operating at 4800 and 2400 bps. — Microprocessor Bus ° 
— CCITT V.24 (RS-232-C Compatible) 
*® Loopbacks (V.54 Loop 2, 3 and 4) 
— Local Analog 
— Remote Analog (Locally Activated) 
— Remote Digital (Locally Activated) 
* Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 
¢ Low Power Consumption (3 watts,typical) 
* Programmable Transmit Output Level 
* TTL and CMOS Compatible 





R48sDP Modem 


Document No. 29200N08 


10-36 


Data Sheet Order No. MDO8 
March 1984 
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TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R48DP 
modem. 


TRANSMITTER CARRIER FREQUENCIES 


The transmitter carrier frequencies are given in the following 
table: 


Transmitter Carrier Frequencies 


Specification 
Frequency Type {Hz +0.5 Hz) 










TONE GENERATION 


Under control of the host processor, the R48DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R48DP are defined in the 
table below: 


Signaling/Data Rates F 
Specification — 
Parameter (+ 0.01%) 
Signaling Rate: } .- 1600 Baud 
Data Rate: 4800 bps 
Signaling Rate: 1200 Baud 
* 2400 bps’ 












Data Rate: j 


DATA ENCODING 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/er. 


At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. rt nant 


EQUALIZERS 


The A48DP provides equalization functions that improve per- 
formance when operating over low quality lines. . 


Cable Equalizers — Selectable compromise cable equalizers 
in the receiver and transmitter are provided to optimize perform- 
ance over different lengths of non-loaded cable of 0.4 mm 
diameter. : 


Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
Survey long and Japanese 3-link. 


f 
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Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit. The equalizer can 
be-configured as either a T or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


If the cable equalizer Is not enabled, the transmitter spectrum 
is shaped by the following raised cosine fllter functions: , 
1. 1200 Baud.. Square root‘of 90 percent 

2. 1600 Baud. Square root of 50 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC’s Rules, and typically exceed 
the requirements of foreign telephone -regulatory bodies. 


SCRAMBLER/DESCRAMBLER 


The R48DP incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with V.27 bis/ter. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R48DP can adapt to received 
frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. , 


RECEIVE LEVEL 


The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog input (RXA).: me % 


RECEIVE TIMING 


The R48DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 


_transitions of this output coincide with the centers of received 


data bits. The timing recovery circuit:is capable of tracking a 
+0.01% frequency error in the associated transmit timing 
source. 


TRANSMIT LEVEL 


The transmitter output level is accurate to +1:0 dB and is pro- 
grammable from ~ 1.0 dBm to ~ 15.0 dBm in 2 dB steps. 


TRANSMIT TIMING 


The R48DP provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 4800 or 2400 Hz ( +0.01%). 
2. Duty Cycle. 50% +1% 
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input data presented on TXD-is sampled by the R48DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
‘edge of TDCLK. 


EXTERNAL TRANSMIT CLOCK 


The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This.input signal must equal the desired 
data rate to +0.01% with a duty. cycle of 50% +20%. 


TURN-ON SEQUENCE 


A total of 8 selectable turn-on sequences can be generated as 
defined in the following table: 


Turn-On Sequences 


cts. 
Response Time 





V.27 bis/ter 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 
4800 bps long - 


2400 bps long 
4800 bps short 


(milliseconds) 





| Preceded: by- 
Echo Suppressor 
Disable Tone — 
for lines using 

‘| echo supressors* 


*For short echo protect tone, subtract 155 ms from values of 
CTS response time. 


TURN-OFF SEQUENCE 


For V.27:ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. 


2400 bps short 





CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-On Sequences table. 
If training is not enabled RTS/CTS delay is less than 1 ms. 


The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 
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RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For: V.27 bis/ter, RLSD turns on at the end of the training 
sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 +10 ms. The RLSD on-to-off 
response time for V.27 Is 10 +5 ms. Response times are 
measured with a signal at least 3 dB above the actual RLSD 
on threshold or at least 5 dB below the actual RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 


Four threshold options are provided: 
1. Greater than —43 dBm (RLSD on) 
Less than - 48 dBm (RLSD off) 

2. Greater than —33 dBm (RLSD on) 
Less than —38 dBm (RLSD off) 

3. Greater than, - 26 dBm (RLSD on) 
Less than —31 dBm (RALSD off) 

4. Greater than - 16 dBm (RLSD on) 
Less than -21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than — 43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual . 
off-to-on and on-to-off transition levels. The threshold levels and 

hysteresis action are measured with an unmodulated carrier 

signal applied to the receiver's audio input (RXA). 


MODES OF OPERATION 


The R48DP is capable of being operated in either a serial or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R48DP has the capability of transferring channel data up 
to eight bits at a-time via the microprocessor bus. 


MODE SELECTION 


Selection of either the serial or parallel mode of operation is by 
means of a control bit: To enable the parallel made, the control 
bit must be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R48DP is configured 
by the host processor via the microprocessor bus. 
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R46DP Functional Interconnect Diagram 


INTERFACE CRITERIA. R48DP Hardware Supervisory Circuits (Cont.) 
[Name [VO] Pino. [Description 






The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a’ 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 







Data Bus (8 Bits) 





HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
the R48DP Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor., With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 


Register Select (4 Bits) 







Chip Select for Bank.0 
Chip Select for Bank 4 
Chip Select for Bank 2 
-Read Enable 
Write Enable — 
Interrupt Request 







R48DP Hardware Supervisory Circuits 


A. OVERHEAD: ‘ 


AGND 31C,32C Analog Ground 





















Receive Data Clock 
Transmit Data Clock 
External Transmit Clock 
































DGND 3C,8C,5A,10A Digital Ground Request-to-Send 

+5 volts 19C,23C,26C,30C | +65 volt supply. Clear-to-Send 

+12 volts 15A, +12 voit supply Transmitter Data. 

-12 volts 12A -12 voit supply Receiver Data - 

POR - Received Line Signal Detector 





Power-on-reset 
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R48DP Hardware Supervisory Circuits (Cont.) 


| Name | VO | Pin No. Description 


D.. ANCILLARY CIRCUITS: 
Receiver Baud Clock 
Transmitter Baud Clock 


RBCLK ie) 26A 
Transmitter Analog Output 


TBCLK ‘e) 27C 

E. ANALOG SIGNALS: 
Recelver Analog input 
Auxiliary Analog Input 






























Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
Characteristic 








CSi, RSi setup:time prior 
to Read or Write 


Data access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write 


Write data setup time 
Write data hold time 





Write strobe pulse width 








INTERFACE MEMORY 


The R48DP has three banks of 16 input/output (I/O) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor's memory space. These I/O 
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registers are collectively referred to as interface memory. See 
R48DP Interface Memory table. Access to the three banks of 
registers (bank 0, bank 1 and bank 2) is enabled by the Chip 
Select signals CSO, CS1 and CS2 respectively. Four Register 
Select signals (ASO, RS1, RS2, and RS3 are provided to address 
an individual register within an enabled bank. Registers in bank 1. 
operate at the sample rate of 9600 samples per second. 
Registers in banks 0 and 2 operate at the selected baud rate. 


R48DP Interface Memory 


(HEX) 
Reg No. Description 


Do Not Use 
Transmitter Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Transmitter Option 
Transmitter Configuration 
Equalizer 

| Loop/Level 
FREQM 

FREQL 

Do Not Use 
Transmitter Data 


Do Not Use 
Receiver Sample Handshake 
Do Not Use 

Do Not Use 

Receiver Baud Status 

Do Not Use 

Receiver Sample Status 2 
Receiver Sampie Status 1 
Receiver Option 

Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


Do Not Use 
Receiver Baud Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Diagnostic Control XB 
Diagnostic Control YB 
Diagnostic Data XBM 
Diagnostic Data XBL 
Diagnostic Data YBM 
Diagnostic Data YBL 























oo 
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When information in these I/O registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by 2Z(0-F), and the bit by Q(O-7, 0=LSB). A bit is considered to 
be “fon” when set to a 7. 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the A48DP is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by an X are ‘‘Don't Care”’ inputs that can be set to 
either 1 or 0. Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are ‘‘undefined”’ 
outputs that may be either 1 or 0. The functions of all modem 
I/O registers are listed in the R48DP Interface Memory table and 
are defined as follows: 


TRANSMITTER CONFIGURATION REGISTER 


The host processor configures the R48DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
its interface memory space as shown in the following table: 


Transmitter Configuration Register (0:6) 








Bit 2 | Bit 1 | Bito | 
x | TOR2 


Definition of Transmitter Configuration Terms: 





TNXMT: Tone Transmit 
TLTS: Transmitter Long Training Sequence 
TDR2: Transmitter Data Rate 2 
Selects 4800 bps/V.27) 
TDR1: Transmitter Data Rate 1 


Selects 2400 bps/V.27) 


Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 


Configuration Control Bytes 


Configuration Configuration Bytes (HEX) 


V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 


Tone | Tone Transmit —_| 
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Definition of Transmitter Configurations: 


1. V.27. When any of the V.27 configurations have been 
selected, the modem operates ¢ as specified in CCITT recom- 
mandation V.27. 


2. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by. the. user. Two registers in the host. interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz +0.01%. 


TRANSMITTER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 


Transmitter Option Register (0:7) 
[pit7 | sits | eis | Bits | Bits | Bit2 | Birt | Bito | 
p [eos [Tow | xceN | SET. 


Definition of Transmitter Option Terms: 


= 
x 
- 
ie) 


RTS: Request-to-Send 

TTDIS: Transmitter Training Disable 

SDIS: Scrambler Disable 

MHLD: Mark Hold 

EOIS: Echo Protector Disable 

TPDM: _ Transmitter Parallel Data Mode 
XCEN: External Clock Enable 

SEDT: — Short Echo Protection Disable Tone 


Definition of Transmitter Options: 


1. Request-to-Send. The R48DP begins a transmit sequence 
when thé RTS bit (0:7:7) is turned on and continues transmit- 
ting until RTS is turned off and the turn-off sequence has been 
completed. This input bit paratlels the operation of the hard- 
ware ATS control input. © 


2. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate a training sequence 
at the start of transmission. 


3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 
transmitter scrambler circuit is removed from the data path. 


4. Mark Hold. When the MHLD bit (0:7:4) is on, the transmit- 
ter input data stream is forced to all marks (1's). 


§. Echo Protector Disable. When the EDIS bit (0:7:3) is on, an 
unmodulated carrier is transmitted for 185 ms (optionally 
30 ms) followed by 20 ms of no transmitted energy at the start 
of transmission. 
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. Transmitter Parallel Data Mode. . When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 


7. External Clock Enable. When the XCEN bit (0:7:1) is on, the 
transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 2A). 


8. Short Echo Protector Disable Tone. ‘When the SEDT bit 
(0:7:0) is on, the echo ‘protector disable tone is 30 ms long 
rather than 185 ms. 


EQUALIZER . 


The host processor conveys equalizer selection information to 
the modem by writing a control byte into. the. equalizer register 
(0:5) in the interface memory space as shown in the following: 


Equalizer: Register (0:5) 


| Bit7 | Bite |-Bits | Bit4 | sits | Bir2 | Bit1 | Bito. 
[CABS1 | LAEN | LDEN |. ASL 


xf x eaase ones 
Definition of Equalizer Terms: 


CABS1,2: Cable Equalizer (Selects bits 1 or 2) 
LAEN: Link Amplitude Equalizer Enable 
LDEN: Link Delay Equalizer Enable 

A3L: Amplitude 3-Link Select 

D3L: _Delay 3-Link Select 

















Definition of Equalizer Parameters: 


1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the possible bit combinations. 


Cable (0.4 mm diameter) Equalizer Selection 


eases [ener [cote teats 








2. Link Equalizer. The link equalizer enable and select bits 
control separate amplitude and delay compromise equalizers 
in the receive path. The following tables give the possible bit 
combinations. 


Link Amplitude Equalizer Selection 


_| | Curve Matched 


No Equalizer 


U.S. Survey Long 
Japanese 3-Link 





Link Delay — Selection 
Curve Matched 





No Equalizer ~ 


U.S. Survey Long 
Japanese 3-Link 





LOOP/LEVEL 


The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control.byte into the 
loop/level register (0:4) in the interface memory space as shown 
in the following table: 


Loop/Level Register (0: 4) 








Definition of Loop/Level Terms: 


L3ACT: Local Analog Loopback (CCITT loop 3) Activate 
L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 
L4HG: Loop'4 High Gain 

TL3:TL1: Transmitter Level (Selects bits 3, 2, and 1) | 
L2ACT:; Remote Digital Loopback (CCITT: loop 2) Activate 


Definition of Loop/Level Control: 


1, Locaf Analog Loopback Activate. When the L3ACT bit (0:4:7) 

is on, the transmitter analog output is coupled to the receiver 

_ analog input through an attenuator in accordance with CCITT 
recommendation V.54 loop 3. 


2. Remote Analog Loopback Activate. When the L4ACT bit 
(0:4:6) is on, the receiver analog input is connected to the 
transmitter analog output through a variable gain amplifier. 


3. Loop 4 High Gain. ' When the L4HG bit (0:4:5) is on, the loop 
4 variable gain amplifier is set for + 16 dB. When L4HG is 
off, the gain is 0 dB. , 


4. Remote Digital Loopback Activate, When the L2ACT bit 
(0:4:1) is on, the receiver digital output is connected to the 
transmitter digital input In accordance with: CCITT recommen- 
dation. V.54 loop 2. , 


5. Transmitter Level Select 3,2.and7. Transmitter analog out- 
put level is determined by bits TL3, TL2, and TL1 as shown 
in the following table: 


Transmitter Level Selection | 


TL2 TL1 Transmitter Analog Output 


- 0.5 dBm +0.5 dB* 
—-. 2.5 dBm +0.5.dB 
—- 45 dBm +0.5 dB 
- 6.5 dBm +0.5 dB 
‘- 65 dBm 40.5 dB 
-10.5 dBm +0.5 dB 
-12.5 dBm +0.5 dB 
.- 14.5 dBm +0.5 dB 


*Each step is a 2 dB change +0.2 dB 












wae ae 2 O00 0 
=4-00--800 
“~OQ=-0-0-0 

















R48DP 


4800 bps Data Pump Modem 





TRANSMITTER DATA 


The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 


Transmitter Data Register (0:0) 


Configuration | Bit 7 | Bit 6 {Bit 5 | Bit 4 | Bit 3| Bit 2| Bit 1 | Bit O| 
V.27 4800 bps xX Baud 1 Baud 0 


NOTE: Data Transmitted Bit 0 First. 


















FREQM/FREQGL 


The host processor conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 


FREQL Register 


= 


2 24 23 





Bit2 | Bit1 | Bito 
Pe ete ee | 


The frequency number (N) determines the frequency (F) as 
follows: F=0.146484N Hz +0.01% 





Hexadecimal frequency numbers (FREQM,.FREQL) for com- 
monly generated tones are given in the following table: 


Commonly Generated Tones 
Frequency 


462 Hz 
1100 Hz 





1650 Hz 
1850 Hz 
2100 Hz 








TRANSMITTER HANDSHAKE 


The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
in the following table: 


Transmitter Handshake Register (0:E) 








Bit3 | Bit2 | Bit1 | Bit o | 
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Definition of Transmitter Handshake Terms: 


TIA: 
TSB: 
TIE: 
TBA: 


Transmitter Interrupt Active 
Transmitter Setup Bit 

Transmitter Interrupt Enable 
Transmitter Buffer Available 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The TBA bit goes off when the 
hast processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 


2. Transmitter interrupt Enable. When the host processor writes 
a 1 in the TIE bit, the {RQ line of the hardware interface 
is driven low when TBA is on. 


3. Transmitter interrupt Active. Status bit TIA is on whenever 


the transmitter is driving IRQ low. 


4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Bit TSB goes to 0 when the change becomes 
effective. 


RECEIVER CONFIGURATION 


The host processor configures the receiver by writing a control 
byte into the receiver configuration register (1:6) in the interface 
memory space as shown in the following table: 


Receiver Configuration Register (1:6) 





ADR2 |; RDR1 








Definition of Receiver Configuration Terms: 


RLTS: Receiver Long Training Sequence 
RDR2: Receiver Data Rate 2 

Selects 4800 bps/V.27) 
ADR: Receiver Data Rate 1 


Selects 2400 bps/V.27) 


Control words.for receiver configuration are given in hexadecimal 
format in the following table: 


Receiver Contiguration Control 
Configuration Word (HEX) 


Configuration 


V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 














R48DP 
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Definition of Receiver Configurations: 


When any of the V.27 configurations has been selected, the 
transmitter operates as specified in CCITT recommendation 
V.27. 


RECEIVER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1:7) in its 
interface memory space. as shown in the following table: 


Receiver Option Register (1:7) 


ai | 





Definition of Receiver Option Terms: 


RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DDIS: Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWAT: Sample Write 

BWAT: Baud Write 

T2: T/2 Equalizer Select. 

RTDIS: Receiver Training Disable 


Definition of Receiver Options: 


4. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 


Receiver Energy Detect Thresholds 








2. Descrambler Disable. When the DOIS bit (1:7:5} is on, the 
receiver descrambler circuit is ramoved from the data path. 


3. Receiver Parallel Data Mode. When the RPDM bit (1:7:4) Is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. 


4. Sample Write. When the SWRT bit (1:7:3) is on, the 16-bit 
word in registers 1:1 and 1:0 is written in the RAM location 
specified by the contents of register 1:4. 


5, Baud Write. Whep the BWAT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 ang 2:0 is written in the RAM location specified 
by the contents of register 2:4. 
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6. 7/2 Equalizer Select. When the T2 bit (1:7:1) is on, an adap- 
tive equalizer with two taps per baud is used. When 72 is off 
the equalizer has one tap per baud. 


7. Receiver Training Disable. When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 


RECEIVER SAMPLE HANDSHAKE 


The host processor performs a handshake sequence with the | 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface: memory 
space as shown in the following table: 


Recelver Sample Handshake Reglster (1:E) 


ou7 [owe [ons [ane] ora] er] oni | oho, 
rasa | _x.| x | x [Asso|rsie| x [ASDA 


Definition of Receiver Sample Handshake Terms: 


RSIA: Receiver Sample Interrupt Active 
RSSB: Receiver Sample Setup Bit 
ASIE: Receiver Sample Interrupt Enable 
ASDA: Receiver Sample Data Available 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 


2. Receiver Sample Interrupt Enable. When the host processor 
writes a 1 in the ASIE bit, the IRQ line of the hardware inter- 
face is driven low when RSDA is on. 


3. Receiver Sample interrupt Active. Status bit RSIA_is on 
whenever the Recelver Sample rate device is driving IRQ low. 


4. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes to 0 when 
the changes become effective. 


RECEIVER BAUD HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2:E) in the interface memory 
space as shown in the following table: 


Receiver Baud Handshake Register (2:E) 











R48DP 


4800 bps Data Pump Modem 





Definition of Recelver Baud Handshake Terms: 


RBIA: Receiver Baud Interrupt Active 
RBIE: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 


Definition of Recelver Baud Handshake Sequence: 


—_ 


. Recelver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when tha host processor reads data from register 2:0. 


N 


. Recaiver Baud Interrupt Enable. _When the host processor 
writes a 1 in the RBIE bit, the IRQ tine of the hardware inter- 
face is driven low when RBDA Is on. 


@ 


. Receiver Baud interrupt Active. Status bit RBIA_ is on 
whenever the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 


Recelver Sample Status Register 1 (1:8) 





Recelver Sample Status Register 2 (1:9) 


far7 [ene {prs | ens | ons | wiz | oni | oxo | 
| x [rej x | x | x {| x {| x | x | 


Definition of Recelver Sample. Status Terms: 


P2DET: Period Two Detector 
FED: Fast Energy Detector 


Definition of Receiver Sample Status Conditions: 


1. Period Two Detector When the P2DET bit (1:8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
toat at the start of the’ receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
cates that energy above the receiver threshold is present in 
the passband. 
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RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1:B) in 
the: interface memory space as shown in the following table:. 


Receiver Baud Status Register (1:B) 


an? [are [ens | ere [awa | on2 | oni | oro | 
Px fenoer] x [ x | x | x | x [over 


Definition of Receiver Baud Status Terms: 


PNDET: Period N Detector 
CDET: Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period N Detector. When the PNDET bit (1:8:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN sequence. 


2. Carrier Detector. When the CDET bit (1:8:0) is off, it indicates 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal. 


RECEIVER DATA 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit 0 received first. Note that the receiver data register i is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES 


The R48DP provides the user with access to much of the data 
stored in the modem’s memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 


Hardware Diagnostic Circuits 


ites ce eer eee 





















EYEX. Eye Pattern Data —*X Axis 
EYEY ' Eye Pattern Data — Y Axis 
EYECLK Eye Pattern Clock 


Eye Pattern Synchronizing 


EYESYNC 
‘Signal - 











R48DP 


4800 bps Data Pump Modem 





Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the’ 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS 


Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic’ registers are related as shown in the 
following table: 


ottwate Mesos Registers 


Control Data Word Data Word 
Register Write Bit (MSB) (LSB) 






















Sample | XS (1:5) None XSM_ (1:3) XSL (1:2) 
Sample | YS (1:4) | SWAT (1:7:3) | YSM (1:1) YSL (1:0)* 
Baud XB. (2:5) None XBM (2:3) °|° XBL (2:2) 
Baud YB (2:4) | BWRT (1:7:2) YBM (2:1) YBL (2:0) 








*In parallel mode, register 1:0 is used for receive data and 
not diagnostic data. 












Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is overwritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. 


The eight bits of registers 2:3 and 2:1 are continuously presented 
- serially on hardware interface lines EYEX and EYEY 
_ respectively. 
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RAM ACCESS CODES 
The fallowing table lists access codes for frequently used RAM 


data: 
Imag. ~ 
Access 


RAM Access Codes 









Real 
Access 










Function 








Received Signal Samples 
Demodulator Output - 
Low Pass Filter Output 
Average Energy ; 
AGC Gain Word — MSB's 
AGC Gain Word — LSB’s 


Equalizer Input 

Equalizer Tap Coefficients 

| Unrotated Equalizer Output 

Rotated Equalizer Output 
(Received Points) — 

Decision Points (Ideal Data Points) 

Error 

Rotation Angle 

Frequency Correction (MSB’ s) 

| Frequency Correction (LSB8’s) 

EQM 























POWER-ON INITIALIZATION 


When power.is applied to the R48DP, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signat (POR) 
remains tow during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.27, 
4800 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3-link curves selected, 
transmitter output level:set to — 0.5 dBm +0.5 aB, interrupts 
disabled, and receiver threshold set to —43 dBm. 


POR can also be used to initiatize the users’s host :processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


PERFORMANCE 


Functioning as.a V.27 bis/ter type modem, the R48DP provides 
the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT recommendation V.56, except with regard 
to the placement of the filter. used to-bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -20 dBm as illustrated. 





R48DP_ | 4800 bps Data Pump Modem 





Phase Jitter —At 2400 bps, the modem exhibits a-bit error rate 
4800 BPS of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
V.27 presence of 15° peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30° peak-to-peak 
phase jitter at 120 Hz (scrambler inserted). 








2400 BPS 


V.27 


At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-€ or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 





INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


= 
°o 
a 


Digital Input Characteristics 


Allowed Input Voltage Levels 


0.0V to +0.8V at -2.5 pA 
+2.0V to +5.0V at +2.5 pA 


Notes 
1, The digital inputs are directly TTL/CMOS compatible. The 

capacitive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 








Input Logic State 


Low 
High 





Bit Error Rate 


= 


oOo: 











Digital Output Characteristics 


Output Logic State Output Voltage Level 


Low +0.4V at +1.6 MA 
High +2.4V at -— 100 pA 







MEI 


6 6 10 12 14 16 18 20 22 24 26 28 30 
Notes 


SIGNAL-TO-NOISE RATIO dB 1. The digital outputs are directly TTLICMOS compatible. 
Capacitive drive capability is 25 pF. 
2. Positive current is defined as current into the node. 





Typical Bit Error Rate Performance 


NOISE 
SOURCE ATTENUATOR . 
-GR1381 HP 350D 
2. 
50 KHZ BW Be aay 
MODEM LINE IMPAIRMENT ATTENUATOR MODEM 
TRANS- SIMULATOR SOURCE HP 3500 RECEIVER 
MITTER BRADLEY 2A 
ENGINEERING ENGINEERING 
MODEM NOTE a EBLE 
CONSOLE Signal and noise are measured with 3 kHz flat weighting. : 


BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 


Transmitter Output Level — The transmitter output level is 
adjustable in 2 dB steps from - 0.5 dBm to — 14.5 dBm accurate 
to +0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 


Receiver Input — The receiver input impedance is 63.4K 
ohm +5%. 


Auxiliary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is.1K ohm and the gain to transmit- 
ter output is OdB. 


R48DP SPECIFICATIONS 


Power Requirements 


Curent ad 


+5 Vde + 5% 


+12 Vde £5% 
—12 Vde. . £5% 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 


Environmental 


Temperature: 
Operating— O°C to +60°C (32 to 140°F) 
Storage— — 40°C to +90°C (—40 to 176°F) 





Stored in heat sealed antistatic bag 
and shipping container 

Relative Humidity: Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, 
whichever is less. 





Mechanical Information 


Board, Structure: Single PC board with single right 
angle header with 64 pins, DIN 41612 


or equivalent mating connector. 
Dimensions: Width—3.94 in. (100 mm) 

Length—4.70 in. (120 mm) 

Height—0.55 in. (1.40 cm) 
Weight: Less than .22 Ibs. (.08 kg) 
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Rockwell 


V27P/1 


Integral Modems 


V27P/1 


HIGH SPEED 4800 BPS MODEM 





INTRODUCTION 


The Rockwell V27P/1 is a versatile, high performance, 4800 bps 
modem on a single printed circuit board. Being CCITT V.27 
compatible, the V27P/1 (with minimal interface circuitry) can 
operate on dedicated 2-wire or 4-wire half-duplex or 4-wire full- 
duplex lines. The V27P/1 can also operate in half-duplex on the 
general switched network. 


Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V27P/1 is the smallest full-feature 4800 bps 
modem that approaches data communication theoretical per- 
formance fimits. 


The V27P/1 meets the tolerances specified in the CCITT V.27 
bis (alternate A), V.27 ter and FSK T.30 specifications. In addition, 
the V27P/1 can be configured to be functionally compatible with 
those enhanced specifications available in the Rockwell V27P 
and M48P modem series. 





Document No. 29220N31 


FEATURES 


Single printed circuit card 

4800/2400 bps modes 

Full-duplex or half-duplex 

Dedicated or general switched network lines operation 
Ultimate user flexibility: 

—CCITT V.27 ter, V.27 bis compatible 

—Also 300 bps binary signalling per CCITT T.30 
TTL compatibility 

Automatic adaptive equalizer 

Analog loopback test circuitry 

0 to —45 dBm dynamic AGC 

LSI signal processing 

High reliability 

Low power consumption: 

—Typically 3.5 watts 


Automatic training sequence for receiver 





Data Sheet Order No. 631 
March 1983 
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FUNCTIONAL SPECIFICATIONS 





TRANSMIT CONTROLS 


TRANSMITTER 
TRAINING 
DEVICE 


HIGH SPEED DATA INPUT 


FSK DATA INPUT 


FSK DATA OUTPUT 


EYE QUALITY 


HIGH SPEED 
DATA OUTPUT 


RECEIVER |] DECISION 
LEARNING DEVICE 
DEVICE : 


RECEIVE CONTROLS 


TRANSMITTER | 
DEVICE 


; aoe : _ XMIT 
LOW PASS ~ : 
DAC ; 5 a> LINE. 


Me FSK PBACK 
F BANOPASS Lee: 
FILTER 


RECEIVER 


DEVICE 


BANDPASS © 
FILTEA, 
SQUELCH, 
acc, 
THRESHOLD 
SELECT 


V27P/1 Functional Block Diagram 


Transmit Carrier and Signalling Frequencies 


Carrier Frequency Codex 
Compatible QAM: 

Carrier Frequency V.27: 

Echo Suppression Frequencies: 


1706.667 Hz + 0.01% 
1800 Hz + 0.01% 
2100 Hz + 0.01% 
2025 Hz + 0.01% 
1850 Hz + 0.01% 
1650 Hz + 0.01% 
1300 Hz + 0.01% 
1100 Hz + 0.01% 


Signalling Frequencies of T.30: 


Received Signal Frequency Tolerance 


The receiver can receive frequency errors of up to + 10 
Hz with less than a 0.2 dB degradation iri Bit Error Rate 
‘performance. 


Data Signalling and Modulation Rate 


At 1600 baud: 
Signalling Rate — 
Data Rate— 

At 1200 baud: 
Signalling Rate — 
Data Rate — 


1600 baud + 0.01% 
4800 bps + 0.01% 


1200 baud + 0.01% 
2400 bps + 0.01% 


Transmitted Data Spectrum 


At 1600 baud the transmitted spectrum is shaped by approx- 
‘imately a square root of 50 percent raised cosine filter func- 
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~ tion, At.1200 baud the spectrum is shaped by approximately 
a square root of 90 percent raised cosine filter function. 


“The 1600 and ‘1200 baud configurations require a usable 


bandwidth from 950 Hz.to 2650 Hz and 1150 Hz to 2450 Hz 
respectively. 


Data Encoding 


At 1600 baud the data stream is divided into groups of three 
bits (tribits). The data rate of 4800 bps may use either an 8- 
point QAM structure or 8-phase structure. Encoding of the 
tribits in the 8-phase structure are per CCITT Recommen- 
dation V.27 ter. 


At 1200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 


_Structure. Encoding of the dibits may be per the fallback rate 
-of CCITT Recommendation V.27 bis and ter (same as V.26A) 
-or V26B depending on the selected configuration. 


Turn-on, Turn-off Sequences 


The V27P/1 turn-on: sequences are compatible with CCITT 
Recommendations V.27 bis (alternate i), V.27, and Rockwell 
M48P modem specifications. 


The turn-off sequences for all V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
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onds of remaining data followed by continuous scrambled 1's 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 


The turn-off sequences for all non-V.27 modes consists of 
4 to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 


Ready For Sending Response Times 


The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training time. In Table 1 the Training Times are 
shown in milliseconds. Note, however, that the 1600 baud 
manual CCITT configurations actually specify the synchro- 
nizing sequence timing per CCITT V.27 rather than the training 
time. Also note the following abbreviations. 


ITC (1P-5P): — Transmitter Configuration Inputs 1 through 


5. These five bits establish the octal code 


IRC (1P-5P): 


IRSS (1P-2P), 
ITSS (1P-2P): 


V27P/1 Configurations 


Transmitter 
ITC (1P-5P) 


Configuration (Octal Code} 


1600 Baud DIAL, CCITT DIAL 
1600 Baud DIAL — T/2 

1600 Baud DIAL Siow 

1600 Baud P-P : 

1600 Baud P-P — T/2 

1600 Baud Manual CCITT 


1600 Baud Manual CCITT 


1600 Baud V27 DIAL/P-P 

1600 Baud V27 DIAL/P-P EP 
1600 Baud V27 DIAL/P-P — T/2 
1600 Baud V27 DIAL/P-P — T/2 EP 
1600 Baud V27 Multipoint — T/2 
1600 Baud V27 Resync (use with 
configuration 8) 

1600 Baud V27 Resync EP (use 
with configuration 9) 

1600 Baud V27 Resync — T/2 (use 
with configuration 10) 

1600 Baud V27 Resync — T/2 EP 
(use with configuration 11) 

1200 Baud DIAL 

1200 Baud P-P 

1200 Baud V27 DIAL/P-P 

1200 Baud V27 DIAL/P-P EP 
1200 Baud V27 Multipoint 

1200 Baud V27 Resync (use with 
‘configuration 19) 

1200 Baud V27 Resync EP (use 
with configuration 20) 


Note: 


Recelver 
IRC (1P-5P) 
(Octal Code) 


Cartier frequency is 1706 2/3 Hz when IRSS (1P-2P) is a 1 (8-point). 


Signal 
Structure 
IRSS (1P-2P) 
ITSS (1P-2P) 
(Octal Code) 





Carrier frequency is 1800 Hz when IRSS (1P-2P) is a 3 (8-phase DPSK). 
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shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 


Receiver Configuration Inputs 1 through 5. 
These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 


Receiver Signal Structure and Transmitter 
Signal Structure. Where P1 and P2 estab- 
lish an octal code of 0, 1, 2, or 3. They 
define the signal structures as follows: 


1 selects 8 point QAM 


3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 


Training Carrler 
Time Frequency 
(msec) (hz) 


181 

181 

221 

141 

141 

20 (Sync 
Sequence} 

50 (Sync 
Sequence) 
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Recelved Line Signal Detector (D109) 


The time response of the Received Line Signal detector cir- 
cuit (0109) is a function of the length of the recelved turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. D109 turns on for approximately 2 milliseconds 
‘after the echo protect tone disappears In.the V27EP config- 
urations (No. 9, 11, 14, 16, 20 and.23 of the V27P/1 Contig- 
uration. Chart). 


For non-CCITT configurations (No. 1, 2 and 3 in the table on 
page 3), D109 momentarily goes on at the beginning of the 
synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 


‘Three ‘threshold options are provided: . 


1) Greater than —43 dBm: D109 ON 
Less than —48 dBm: D109 OFF 
2) Greater than —26 dBm: D109 ON | 
Less than — 31 dBm:. D109 OFF 

3) Greater than —16 dBm: D109 ON 
Less than —21 dBm: _ D109 OFF 


The three threshold options are controlled by the. condition 
of the THRESH1 and THRESH2 control lines as indicated 
below. 


dB LEVEL. THRESH1 THRESH2 
—43 dBm ON Open Circuit Open Circuit 
‘—26 dBm ON Open Circuit Oto -0.5V 
-16 dBm ON 0 to —0.5V Open Circuit 


When the received signal drops 5 dB below the D109 turn 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of .D109 between the selected turn on and turn off 
_ thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 


‘Recommended circuits to control THRESH1 and THRESH2 
input interface tines are shown in diagrams (A, B and ©). 


Bit Error Rates 


The V27P/1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 


The results of these BEA performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 
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THRESH1 
or THRESH2 


I 
| 
-12¥ 
| 
| 
> THRESH or 2 


THRESH or 2 


Suggested Interface Circuits for Controlling 
THRESH1 and THRESH2 Input Lines 


Data Scrambler Selection 


The V27P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers), and a no scramble option. These scram- 
blers provide data transmitted by the. V27P/1 with the degree 
of randomness necessary to ensure the continued conver- 
gence of all adaptive processes at the receiver. The seven 


‘possible. scrambler configurations that are user software 


selectable are: 


e Period 127 cryptographic 
e Period 127 synchronizing | 


e CCITT period 127 self synchronizing (compatible with 
CCITT Recommendation V.27) 


_@ Period 8,388,607 self synchronizing (compatible with 


CCITT Recommendation V.29) 
Period 127 self synchronizing with 8-bit protection 


e CCITT period 127 self synchronizing (compatible with 
CCITT Recommendations V.27 bis. and ter) 


e No scrambler 


All scramblers can be used with all modem configurations 
listed in the table on page 3. 





V27P/1 High Speed 4800 


‘BPS Modem 


NOISE 
SOURCE 
GRt381 
50 KHZ BW 


ATTENUATOR 
HP 350D 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


LINE 
SIMULATOR 


ATTENUATOR 
HP a50D 


MODEM 
RECEIVER 


NOTE 


THE V.568 CONFIGURATION INCLUDES A PERFECT 0.370 3.4 KHzFILTEA 
ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 


ENGINEERING CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND 


ENGINEERING 
MODEM 


MODEM . 
CONSOLE 


6.85 dB IS ADDED TO THE MEASURED S/N RATIO. 


CONSOLE 


BER Performance Test Set-up 


300 BPS 2400 BFS V27 TER 4800 BPS V27 TER 








BIT ERROR RATE 


| HI 
10F 
o 2 4 


Typical Bit Error Rate Performance 


























6 & 10 42 14 16 
SIGNAL TO NOISE RATIO 


18 20 





MODES OF OPERATION 


The V27P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data the V27P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 
connection is made. It is possible to set up the receiver 
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without a training sequence, but it is a mianual mode requiring 
considerable user effort. In a training mode, an internally 
generated pattern is transmitted to the receiver to facilitate 
synchronization. During the training mode, the data input line 
to the receiver is ignored and the output line does not reflect 
the state of the data input. ° 


In the data mode of operation, information on the data input 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
output where it is then ready to be strobed by the. receiver 
signal element clock. “% 


Request To Send—Ready For Sending 


To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. if a training mode 
is not initiated the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 


The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low: 


If the receiver enters the training mode, the receiver training 
mode indicator goes high -untll the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 


Training Mode—Dial and Point-To-Point 


For dial and point-to-point configurations, the V27P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causés the training detector 
to turn on and also makes a course adjustment of the carrier 








V27P/1 


frequency variable which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer which is part.of the V27P/1 structure. 


A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. In order for 
training to be successful, the incoming training sequence 
must have been generated by a similarly configured trans- 
mitter using a compatible training sequence. 


At the receiver, detection of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
‘rier frequency variable be within 30 Hz of nominal. 


Training. Resync (V.27 bis/ter Turnaround) 


In a 2-wire half duplex data communication system, data can 
be. transmitted in only one direction at any. given. instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter. respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions for V.27 bis/ter. 


The resync configurations are used for reacquiring synchro- ... 


nization in turnaround operation without having to go through 
‘the normal long training sequence. The resync training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 


Training Mode—Multipoint 


In the V27P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 
train signal must be high to process the short training 
sequences; otherwise the receiver will ignore’ the training 
sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
sequences require that the receiver be in the proper. dial/ 
point-to-point configuration. 


Training Mode—Manual 


The V27P/1 modem includes two manual conmauratiane in 
which the remote modem need not transmit a special training 
sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
initialized by controling three input terms—ICR, ICI and 
ICLCP—in synchronization with the Baud Rate Clock. 


In order to operate the modem in the manual Configurations, 
both the transmitter and receiver must be set according to 
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the code shown in Table 1, Manual configuration code octal 
30 has a longer synchronizing sequence than configuration 
code octal 32, but both synchronizing sequences conform 
to the CCITT Recornmendation V.27. However, neither se- 


quence is of sufficient duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable-and baud 
timing are inhibited and the current values of the equalizer 


taps and the carrier frequency variable are retained. 


DATA QUALITY 


The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately + 
2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this error. signal. It is a serial 
word clocked by the system bit clock (345.6 KHz or 230.4. 
KHz, depending on baud rate). Output signal DOGTP is a 
gating signal which delineates the eight MSB’s of DEQ2P. 
The use and interpretation. of these binary signals are quite | 
complex and are dependent on the application and the signal 
structure, The user can derive a meaningful interpretation of | 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem’s performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 
MSB's of thé real and imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 


_an oscilloscope. The resultant display will be a symmetrical 


dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause , 
each dot in the pattern to enlarge or otherwise show distor- 
tion. A typical visual eye pattern of a 4 point display is shown 
in the following diagram. 

DISPERSION 


— DUE TO GAIN 
ERRORS 


DISPERSION. DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TQ COMBINATION OF 
AANDOM NOISE, PHASE 





CIRCLE REPRESENTS \ 
PROPER POSITION OF ERROR, AND/OR GAIN 
HIGH QUALITY SIGNAL ERROR 


Typical Eye Pattern 
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Success Indicator 


A second data quality indicator is provided for in ail config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This “suc- 
‘cess” output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 
been successful. During the data mode (DRTMP low and 
D109 high), DSUCP will go high whenever 15 consecutive 
data marks or Spaces are decoded at the receiver data 
output. 


ADDITIONAL CAPABILITIES 


The V27P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through’a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 


An internal pattern generator is also incorporated in the 


modem which can be used when no modem test set is 
available. 


SPECIFICATIONS 
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Tone Generation And Detection 


The transmitter can be used to transmit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tone that can be transmitted (selected through software con- 
trol) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, and 
2100 Hz. Other tones are also possible. The carrief fre- 
quency can be altered by selection of values for a binary bit 
stream. 


External Data Clock 


The data input to the transmitter can be clocked from an 
external source when ‘the external clock is used as a refer- 
ence input to the data clock’s phase locked loop. By applying 
an.external clock the reference input will. cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. , 


300 bps FSK Modem Operation 


A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITT -V.21 channel 2 modulation system 

: can also be configured. The FSK modem is capable of gen- 
erating the +100, 1300, 1650 and 1850 Hz tones.: 


V27P/1 Specifications 


’ DC Voltages - 








+ 5 volt 
+12 volt 
~—12 volt 


Tolerance 





Current (Typleal) 


Current (Max) 


Note: All voltages must have ripple <0.1. volts peak-to- “peak. 
~ Environment 


Operating: 0°C: to +60°C (32 to eee 
Storage: | ~40°G.to +80°C (-40 to 176°F).. 
(Stored i ir heat sealed antistatic bag and shipping container) 
‘Up to 90% noncondensing, or a wet bulb temperature up to 36°C, which- 
’ éver is bs : 


Temperature: 


Reiative Humidity: 





Board Structure; 
Mating Connector: 


Single PC board with edge connector 


100. pin, ‘edge connector, two sided, with 0.1 In (2.54 cm) centers. Rec- 
ommended Viking. 3VHS5O/IJNDS5 or equivalent mating connector. 


Dimensions: Width—9.188 in (23.338 cm) Depth—6.288 in (15.972 cm) 
Weight: Less than 0.45 tbs (0.20 kg) 
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Integral Modems 


R1212 


1200 BPS FULL-DUPLEX MODEM 


Rockwell 





PRELIMINARY 


INTRODUCTION 


The Rockwell R1212 is a high performance full-duplex 1200 bps 
modem. Using state-of-the-art VLSI and signal processing 
technology, the R1212 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches—overall size. 


The R1212 modem is ideal for data transmission over the 2-wire 
dial-up telephone network. The direct-connect, auto dial/answer 
features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, 
terminal or any other communications product that demands the 
_ utmost in reliability and performance. 


The added test features, such as local analog loopback, remote 
digital loopback, and a self-test function, offer the user flexibil- 
ity in creating a'1200 bps modem design customized for specific 
packaging and functional requirements. 


Being CCITT V.22 A, B compatible, as well as Bell 212A and 
103 compatible, this modem fits any application for full-duplex 
1200 bps (synchronous and asynchronous) and 0. to 300 bps 
asynchronous data transmission over the general switched 
telephone network. 


FEATURES 


CCITT V.22 A, B Compatible — 
Bell 212A and 103 Compatible 
Synchronous: 1200 bps, 600 bps 40.01% 
Asynchronous: 1200 bps, 600 bps + 1%, - 2.5%, 0-300 bps 
—Character length 8, 9, 10, ar "1 bits. 
¢ DTE Interface 
—Functionally: Microprocessor Bus (Control) and RS-232-C 
interface (Data/Control) 
—Electrically: TTL Compatible 
Operation: 2-wire full-duplex 
Adaptive and Fixed Compromize Equalization 
Test Configurations: 
—Local Analog. Loopback 
—Remote Digital Loopback 
—Self Test 
* Auto/Manual Answer 
* Auto/Manual Dial: 
—Tone of Pulse Dial 
Power Consumption: 3 Watts Typical 
Power Requirements: +5 Vdc, +12 Vdc 
Plug-compatiblea member of new Rockwell modem line 
Two Versions: R1212DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and R1212M (Module) without DAA 
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Document No. 29200N10 


Data Sheet Order No. MD10 
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TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R1212 
modem. 


TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 


The transmitter carrier and signaling frequencies are given in 
the following table: 


Transmitter Carrier and Signaling 
Frequencies Specifications 


Specification 
(Hz +0.01%) 


Frequency 


V.22 low channel, Originate Mode 
V.22 high channel, Answer Mode 

Bell 212A high channel Answer Mode 
Bell 212A low channel Originate Mode 
Bell 103/113 Originating Mark 

Bell 103/113 Originating Space 

Ball 103/113 Answer Mark 

Bell 103/113 Answer Space 





TONE GENERATION 


The specifications for tone generation are as follows: 

1. Answer Backtones: The R1212 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz +15 Hz. 
b. Beall: 2225 Hz +10 Hz. 

2. Guard Tones: If GTS is low, an 1800 Hz guard tone frequency 
is selected; if GTS if high, a 553.846 Hz tone is employed. 
In accordance with the CCITT V.22 Recommendation, the 
level of transmitted power for the 1800 Hz guard tone should 
be 6 + tdB below the level of the data power in the main 
channel. The total power is transmitted to the line should be 
the same whether or not a guard tone is enabled. If a 553.846 
Hz guard is used, its transmitted power should be 3 + 1dB 





below the level of the main channel power, and again the 
overall power transmitted to the line should remain constant 
whether or not a guard tone is enabled. The device 
accomplishes this by reducing the main channel transmit path 
gain by .97dB and 1.76dB for the cases of the 1800 Hz and 
§53.846 Hz guard tones respectively. 


3. DTMF Tones: The R1212 is capable of generating dual tone 


multi-frequency tones. When the transmission of DTMF tones 
are required, the CRQ and DTMF bits must be set to a 1. 
(see Interface Memory). When in this mode, the specific 
.OTMF tones generated are decided by loading transmit 
register with the appropriate digit as shown in the following 
table: 

Interface Memory Signals 


Dal Digs 














¥FOONOGAON=C 


Spare (B) 

- Spare (C) 

Spare (D) 
# 

Spare (F) 


aww wees st QOOOOCOOCDSD 
~=4430000-=4-4-0000 
B~ADD=4-0 0-4-0 0--00 
“O-0-040404 0400 





TONE DETECTION 
The A1212 can detect tones in the 340 to 645 Hz band. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R1212 are defined in the 
table below: 


Signaling and Data Rates 


Operating Mode . 
_ V.22: . 


(Alternative A) 
Mode i 600 


Mode ill 600 
(Alternative B) 

Mode | 

Mode Ii! 


Mode It 


Mode iv 


Bell 212A 


Signaling Rate (Baud) | 


Date Rate 


1200 bps +0.01% Synchronous 


600 bps +0.01% Synchronous 


1200 bps +0.01% Synchronous 
800 bps +0.01% Synchronous 


1200 bps Asynchronous 


8, 9, 10, or 11 Bits Per Character 
600 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 


1200 bps +0.01% 
Synchronous/Asychronous 
0 to 300 Bps Asynchronous 
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DATA ENCODING 


The specifications for data encoding are as follows: 

1. 1200 bps (V.22 and Bell 212A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

2, 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase. preceding signal elements. 


EQUALIZERS 


The R1212 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer—An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 and Bell 212A 
configurations. 


Fixed Compromise Equalizer—Compromise equalizers are pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


After making allowance for the nominal specified compromise 
equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within + 100 microseconds over the frequency range 
800. to 1600 Hz (low channel) and 2000 to 2800 Hz (high 
channel). 


SCRAMBLER/DESCRAMBLER 


The R1212 incorporates a_ self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 and the Belt 
212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R1212 can adapt to received frequency 
errors of up to +7 Hz with Jess than a 0.2 dBm degradation in 
BER performance. 


RECEIVE LEVEL 


The receiver circuit of the R1212 satisfies all specified perform- 
ance requirements for the received line signals from - 12 dBm 
to — 45 dBm. The received line signa! is measured at the receiver 
analog input RXA. 


RECEIVE TIMING 


The R1212 provides a Receive Data Ciock (RDCLK) output in 
the form of a (50 + 1% duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a +0.01% 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R1212M output control circultry contains a variable gain 
buffer which reduces the modem output level. The R1212M can 
be strapped via the host interface memory to accomplish this. 
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Transmit Level 


Configuration Word Transmit Level 





PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R1212M transmit level is set to 0 dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R1212DC transmit level is Strapped in the permissive mode 
so that the maximum output level is -—9.5 dBm +0.5 dBm. 


TRANSMIT TIMING 


The R1212 provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 1200 or 600 Hz (40.01%). 
2. Duty Cycle. 50 +1%. 

Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 


CLAMPING 


The following clamp is provided with the R1212: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than — 45 dBm 
(RLSD on) and less than — 48 dBm (RLSD off) for V.22 and Bell 
212A configurations. 


DATA SET READY 


The on condition of the R1212 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing Indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
totlowing: 


1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3, The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 


DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 
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R1212 Functional Interconnect Diagram 


DATA TERMINAL READY 


An on condition of DTR prepares the modem to be connected 
to the communications channel, and maintains the connection 


_ established by the DTE (manual. answering) of internal 


(automatic answering) means. The off condition places the 
modem in the disconnect state. 


‘MODES OF OPERATION: 


‘The R1212 is capable of being. operated in either a serial ora 
parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to. transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 
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CONTROL SELECTION 


Selection of either the Serial.or parailel control is by means of - 
bits ([0,1}:D:7). To enable the parallel control, the bits must be 
set to a one. In either. mode, the FAi1212 is configured by the host 
processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem’ interface comprises: both: ‘hardware and software 
circuits. Hardware circuits are assigned to. specific pins. ina 
64-pin DIN connector: Software Circuits are assigned to specific 
bie ina. aus interface memory. 


HARDWARE SUPERVISORY CIRCUITS © 


Signal names ‘and descriptions of the: hardware: supervisory 
Circuits, including the microprocessor interface, are. given in the 
following table. The microprocessor interface. was designed to 
be. compatible with. an 8080, 6500, 6800, and © C8000 


: Microprocessor: 
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R1212 Hardware Supervisory Circuits 


[Name | Type | Pin No. Description 





A, OVERHEAD 


| DGND 


AGND 
} +5 VDC 


/ +12 VDC 
= 12.VDC 











Digital Ground 


Analog Ground 
+5 Volt Supply 


+12 Volt Supply 


— 12 Volt Supply 
Power-On-Reset 


Data Bus (8-Bits) 


Register Select (4-Bits) 


Chip Select for Bank 0 
Chip Select for Bank 1 
Read Enable’ 


‘Write Enable 


Interrupt Request 





C. V.24 INTERFACE 


TCS 


ac Cie ie 


Microprocessor Interface Timing Diagram 












XTCLK I 22A _—s|:« External Transmit Clock 

TDCLK .e) 23A Transmit Data Clock 

RDCLK i?) 21A Receive Data Clock 

CTS ) 25C Clear-to-Send Critical Timing Requirements 
TXD I 24C Transmit Data 

AXD @) 22C Receive Data Characteristic 

RLSD oO 24A Received Line Signal Detector CSi, ASi setup time prior 

OTR y 21C Data Terminal Ready to Read or Write 

DSA oO 20A Data Set Ready 

Al Oo 18A Ring Indicator In Data Access time after Read 


D. ANALOG SIGNALS (R1212M ONLY) 





AXA | 
TXA O 


32A 
3iA 


E. SIGNALS TO DAA (R2424M ONLY) 








Receive Analog 
Transmit Analog 











Data hold time after Read 


CSi, ASi hold time after 
Read or Write 





Write data setup time 











RD 27/A - Ring Detect Write data hold time 
ACCT 28A Request Coupler Cut Through Write strobe pulse width 
CCT 29C Coupler Cut Through 

OH 29A Off-Hook Relay Control 

F. ANCILLARY FUNCTIONS 

TBCLK 27C Transmit Baud Clock 

RBCLK 26A Receive Baud Clock 

TEK 28C Talk TLK = Data ~ , 
OAG 16C . Originate ORG = Answer 

B _ Bidirectional 

I Input 

0 Output 

OC Open Collector 

P Power ~ 

G Ground 
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R1212 
INTERFACE MEMORY 


The R1212 has two banks of 16 registers to which an external 
(host) microprocessor has access. Although these registers are 
within the modem, they may be addressed as part of the host 
processor's memofty space. The host may read data out of or 
write data into these registers. These registers, as shown in the 
following table, are refered to as interface memory. 


1200 bps Full-Duplex Modem 


‘When information in these registers is being discussed, the 


format Y:Z:Q is used. The bank is specified by Y (0 or 1), the 
register by Z (0-F), and the bit by Q' (0-7, 0 = LSB). A bit is 
considered to be ‘on’ when set to a one. 


R1212 Intertace Memory 


Do Not Use 
. Do Not Use: 
Diagnostic Data Real LsB' 5 
Diagnostic Oata Real MSB's 
Diagnostic Data Imaginary LSB’s 
Diagnostic Data Imaginary MSB’s 
Do Not Use 
Do Not Use. 
Receiver Status 
Receiver Status 
Configuration 
Configuration 
Configuration 
Configuration 
. Handshake Status 
Diagnostic Control.Register 


2° 
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The interface memory bits are defined in the following table: 


| Reg No. ; 
(HEX) Description 





Description. 


Dial Digit Register. 

Do Not Use 

Diagnostic Data Real LSB's 
Diagnostic Data Real MSB’s 
Diagnostic Data Imaginary LSB’s 
Diagnostic Data Imaginary MSB's 
Do Not Use 

Do Not Use 

Transmitter Status 

Configuration 

Configuration 

Configuration 

Configuration 

Configuration 

Handshake Status 

Diagnostic Control Register 
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Interface Memory Definitions 


‘Memory , 
_ Definition Location Description 


Auto. Answer aoc 1:0:4 When on, AAE causes the modem to auttomatically answer when a ringing signal 
is present on the line. 


Analog Loopback (0,1):B:0 When on, AL places the modem i in analog loopback. Ase Software Diagnostic 


Circults). 


Bus Select (0,1):D:7 |. When on, BUS places the modem.in the paralle! control mode. When off, the. 
modem is configured for the serial control mode. Bus can be in either state to 
confi igure: the modem. 


Character Length Select (0,1):0:(3,4) These bits select either 8, 9, 10, or 41 bit characters. (See Character. a 


table). 


Call Request (0,1):D:6 | | When on, CRQ places the transmitter in auto dial and the recelver in tone 
, detect mode. The data placed in the dial digit buffer Is then treated as digits to 
be dialed. After the last digit has been dialed, FF (Hex) should be loaded into 
. the buffer to. tell the modem to go-to the data state. CRQ In the transmitter 
(Bank 1) when turned off. causes the modem to go on-hook. Therefore, it should 
-be on-for the duration of the call and not turned off until it is desired to go on- 
hook: CRQ:in the receiver (Bank 0) must be turned off immediately after 
ringback is detected to put the modem in the data mode, otherwise no 
” answerback tone:will be detected. 


Clear-to-Send 78: _| When on, CTS indicates to the terminal equipment that the modem will transmit 
‘any data which are present at TXD. 


Talk/Data :D:8" When on, DATA places the modem in data.state and when oft in the talk State. “ 
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Interface Memory Definitions (Continued) 


Dial Digit Empty Interrupt 


Dial Digit Register Empty 


Digital Loopback (Manual) Ne (0,1):A:5 


Data Line Occupied 1:8:7 


"Data Set Ready 


Data Set Ready In Analog 
Loopback 


Touch Tones/ 
Pulse Dialing 


Data Terminal Ready 


Enable New Status 
Interrupt 


(0,1):E:6 


Enable Response to 
. Remote Digital Loopback 


(0,1):A:7 
Guard Tone Enable 1:B:4 


Guard Tone Select 1:B:3 
Interrupt Request (0,1):E:7 


Enable Loss of Carrier 0:D:2 
Disconnect 


Mode Select 


(0,1):E:3 


New Configuration 


New Status (0,1):E:5 





(0,1): A: (0-3) 


Memory 
Location sata 


When on, DDE] causes an Interrupt to occur when the dial digit régister (1:0) 
is empty (DDRE = 1). 


When on, DDRE indicates that the dial digit register is empty and can be 
loaded with new digits to be dialed. After the register is loaded, DDRE goes 
off. 


When on, ‘DL manually places the modem in digital oopback. (See Software 
Diagnostic Circuits). 


When on, DLO indicates that the modem is in auto dial, i. e., CRQ is on and 
the modem is off-hook ready to dial. 


When on, DSA indicates that.the modem hansnake has begun and that the 
data state will follow. DSA alone should not:be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with CTS. and ALSD will determine this. DSR will be off in all test states 
(except optionally for analag loopback) and when the channel is being used 
for vaice communication (talk). 


-When on, DSRA causes DSA to be on during analog loopback. 


When on, DTMF tells the modem to auto dial using tones. When off the 
modem should dial using pulses. 


DTR must be on before the modem will enter the data state, either manually 


or automatically. DTR must also be on in order for the modem to automatically 
answer an incoming call. 


When on, ENS! causes an interrupt to occur when the status bits in registers 
(0:[8, 9]) and (1:8) are updated. (NEWS = 1} 


When on, ERDL enables the modem to respond to another modem’s remote 
digital loopback request, thus going into loopback. 


When on, GTE causes the specified guard tone to be transmitted (CCITT 
Configurations only). 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 
When on, IRQ indicates that an interrupt has been generated. 


When on, LCD causes the modem to terminate a call when a loss of received 
carrier energy is detected after approximately 350 msec. 


These bits select the compatibitity at which the modem is to operate. (See 
Mode Select table). 


When on, NEWC tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1:[9-D]). The 


- remaining registers do not require the use of NEWC to tell the modem that 


new data was written into them. 


When on; NEWS tells the user that there has been a change of status in the 
status registers. 
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Interface Memory Definitions (Continued) 


Memory 
Name Location Description 


ORG Originate/Answer 1:9:5 When on, ORG tells the modem that it is originating a call and when fow 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 













Initiate Remote Digital 
Loopback 


When on, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 


Remote Digital Loopback 
Indicator 







0:8:1 When on, RDLI indicates that the modem has received an ADL request and is 
in remote digital loopback, 


Ring Indicator 1:3:4 When on, Rl indicates that a ringing signal is being detected. 





Received Line Signal 
Detector 


0:8:0 When on, RLSD indicates that the carrier has successfully been received. 
RLSD will not respond to the 560, 1800, 2100, or 2225 Hz tones. 







Enable Receive Space 
Disconnect 


0:D:1 When on, RSD causes the modem. to go on-hook after receiving approximately 
1.6 seconds of continuous spaces. 










Speed Indication 0:9:(4,5) 00 = 300 bps) = 10 = 1200 bps 
01 = 600 bps 
Enable Send Space . 1:D:0 When on, SSD causes the modem to transmit approximately 4 seconds of 









Disconnect spaces before disconnecting, when DTR is turned off, 


Self Test (0,1): A:4 When on, ST activates self test. ST must be turned off to end the test. (See 


Software Diagnostic Circuits). 






3 dB Loss to Receive 
Signal 


1:B:2 When on, 3DB attenuates the received signal 3dB. This is only used if the 
R1212M will see OdBm or greater line signal at the receiver input. Insertion of 
the 3dB loss will then prevent saturation. This bit is not needed with the 
R1212DC. 
















Tone Detect TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 


cycle. TONE is active only when CAQ in. Bank ‘0.is on. 











Transmit Clock Select 1:0:(5,6) TXCLK allows the user to designate the origin of the transmitter data clock. 


(See Transmit Clock table). 


SOFTWARE SUPERVISORY CIRCUITS Mode 


Configuration Configuration Word 


The operation of the A1212 is affected by a number of software 
control inputs. These inputs are written into.registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 












Bell 212A 1200 Sync. 
Bell 212A 1200 Asyne. 
Bel! 212A 300 Async. 


from modem registers using the same microprocessor bus. V.22A 1200 Sync. 
V.22B 1200 Async. 
The transmit and receive registers contain many bits which per- V.22A 600 Sync. 


V.22B . 600 Async. 





form identical functions and are located in the same memory 
location only in different banks. Care must be taken to set these 

















bits according to the desired function. Character Length 
Sve 
CONFIGURATION REGISTER B bits 0 0 
The host processor configures the R1212 by writing a control 9 bits 01 
word into the configuration registers in its interface memory : iene 4 


space as shown in the following tables: 
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Transmit Clock 
Configuration Word 


Configuration 





Internal 
Not Used 
External 
Slave 





Receiver Interface Memory Bank 0 (CSO) 


sae =| 

ee = nee 

i a Diagnostic Data Real High 

fe ei | Diagnostic Data Imaginary Low 

ihe aol Diagnostic Data Imaginary High 
6 

ee 

| 8 


RLSD 


mone; tT 
a 
A Mode 
2 ee ee ee 
a ae ee ee ae ee 
p__|pus|cro| | |__| tco | rsp 
E | tro [ensi [news| [new | | 
F 


Diagnostic Control Register 











Transmitter Interface Memory Bank 1 (CS5i) 


7 
Register 


| 0 | Dial Digit Register 


Diagnostic Data Real Low 


3 Diagnostic Data Real High 
za Diagnostic Data Imaginary Low 
5 Diagnostic Data Imaginary High 















DA AAE 
| E | ira Jenst |News] [Newcipoei| [DDRE 
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AUTO DIAL SEQUENCE 


The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 


SET DTMF 


‘LOAD DIAL 
DIGIT INTO 
D.0. REG. 





LOAD FF 
INTO 
D.D. REG. 





Auto Dial Sequence Flow Diagram 


Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 


DIAGNOSTIC CAPABILITIES 


The R1212 provides the user with access to much of the data 
stored in the modems memories. This data is a useful tool in 
performing certain diagnostic functions. 


RAM ACCESS CODES 


The RAM access codes defined in the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5)). 


RAM Access Codes Bank 0 


Real 
Real 
Complex. 
Real 
Complex 


Scrambled Data (Imag. Reg.) 

Self Test Error Counter (Real Reg.) 

Equalizer Tap Coefficients 

Phase Error (Real Reg.) 

Rotated Equalizer Output 
(Received Point Eye Pattern) 

Real 

Complex 

Complex 

Complex 

Complex 

Complex 

Complex 


Rotated Angle (imag. Reg.) 

Low Pass Filter Output 

Input Signal to Equalizer Tap Coefficients 
Decision Points (Ideal) 

Rotated Error 

Equalizer Output 

Demodulator Output 
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TEST 


The specifications for R1212 tests are defined as follows: 


Self tests can be initiated by setting bits ({0,1]:A:4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0:F). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is iqnored. 


Self test with loop 2—The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks—Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R1212 can be manually conditioned 
to loop the received data back to the transmitter by setting 





NOISE 
SOURCE 
GR1381 
50 KHZ BW 


MODEM one IMPAIRMENT 
TRANS- SOURCE 
MITTER SIMULATOR BRADLEY 2A 


ENGINEERING 
MODEM 
CONSOLE 





Signal and nolse are measured with 3 kHz flat weighting. 





the DL bits ([0,1]:A:5). OL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE’s DTR. 

2. Local Analog Loopback (V.54 Loop 3). The R1212 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
Joop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem’s telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately —. 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis and V.22). The R1212 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 


POWER-ON INITIALIZATION 


When power is applied to the R1212, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to Bell 212A 1200 bps, 
answer state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user’s host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
HP 350D 


ATTENUATOR MCDEM 
HP 350D RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 








BER Performance Test Set-up 








R1212 


PERFORMANCE 


Whether functioning as a V.22, or Bell 212A-type modem, and 
regardless of simulated line condition or introduced line impair- 
ment, the R1212 provides unexcelled high performance to the 
user. 


BIT ERROR RATES 


The Bit Error Rate (BER) performance of the R1212 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of — 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


0.0V to +0.8V at —2.5 pA ~ 
+2.0V to +5.0V at +2.5 yA 


Low 
High 


Notes: 

1. The digital inputs are directly TTL/CMOS compatible. The 
capactive loading on each input is 25 pF (maximum).. 

2. Positive current is defined as currant into the node. 





Digital Output Characteristics 
Allowed Output Voltage Levels 


+0.4V at +1.6 mA 
+2.4V at —100 pA 






Output Logic State 













Low 

High 

Notes: 

1. The digital outputs are directly TTL/CMOS compatible. 
The capactive loading on each output is 50 pF (maximum). 

2. Positive current is defined as current into the node. 













ANALOG INTERFACE CIRCUITS 
TRANSMISSION LINE INTERFACE 


The R1212DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 


The DAA (R1212DC anily) is bi-directional as required by 2-wire 
full-duplex circuits. 
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Connection to the telephone line interface pins of the R1212DC 
to the network are made via the RJ11, as shown in the table 
below: 


A1212DC Network Interface 


1 F 


VSOC 2 





Ring-one side of 
telephone fine 
Tip-one side of 
telephone line 








RING INDICATOR 


The R1212 provides a ring indicator (Rl) output; its low state 
indicates the presence of a ring signal.on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signa! cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation - 
of Rl is not disabled by an off condition on Data Terminal Ready. 


RI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 


Ri Response Time 
Response Time 


Off-to-On 125 ms to 400 ms 
On-to-Off 75 ms to 250 ms 


This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the subsequent on (off) transi- 
tion Ri. 





Ri Transition 





OH (OFF-HOOK) 


The R1212M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telaphone 
line. A high condition on OH implies the OH relay is open (i.¢., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 


RD indicates to the R1212M by an on (low) condition that a 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 


RCCT 


RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


CCT 


An on (low) signal to the CCT lead indicates to the R1212M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 


The specifications for the audio interface input impedance are 
given in the following table: 


Audio Interface Input Impedance 


On/Off Hook 


On-Hook (DC) 


On-Hook (AC) 









Measurement 

















The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 

10 megohms for DC voltages up to 
100 volts. 


The on-hook AC impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Off-Hook (DC) Less than 200 ohms. 


Off-Hook (AC) 600 ohms nominal when measured 
between Tip and Ring. 






TRANSMITTER OUTPUT 


Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed — 12 dBm. 
Several different ‘‘connection arrangements’’ have been 
established (as documented in Part 68) to accomplish this goal. 





When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
~9d6m. The output level is set at a fixed — 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 
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When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between — 12 dBm and 0 dBm. (The ‘esistor is Selected 
by the telephone company jack installer after he has measured 
the line loss-from the customer location to the local telephone 
company central office). 


INSTALLATION 
IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network, To com- 
ply with the FCC is required: 


1, Alt direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. ‘. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC « 
rules. Z a 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shail: , 
© Promptly notify you of the discontinuance. 

e Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 

displayed on an outside surface of the OEM’s end. product. 

¢ Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Rules. 

* FCC Registration Number: Applied For 

* Ringer Equivalence: 0.5 

Size of the label should be such that all the required infor- 

mation is legible without magnification. , 








R1212 . 3 1200 bps Full-Duplex Modem 





GENERAL SPECIFICATIONS 


The general specifications for the A1212 are given in the follow- 
ing tables: 


Power Requirements 


= Voltage [Tolerance | Current (mx) | 










+5 Vde +5% <500 ma 
+12 Vde +5% < 10 ma . 
12 Vde- +5% - . < 50 ma 
*All voltages must have ripple <0.1 volts peak-to-peak. 
Environmental 


Speciation 


Temperature: ; : 
Operating - 0°C to -+ 60°C (32 to 140°F) 
Storage” — 40°C: to: + 80°C (-40 to 176°F) 

Relative Humidity: Up to 90% noncondensing, or.a wet . 

bulb temperature up to 35°C, , 

: whichever is less. 

Altitude: - 200 to + 10,000 feet 





*PCB's are stored in heat sealed antistatic bags and shipping 
containers. —. r 


Mechanical _ . a 
Board Structure: | Single PC board with right angle 
ue i. is male DIN: connector. 

Mating Connector: | Female 3 row 64 pin Euroconnacter 
(DIN) with rows A and C populated: 
Recommended mating connector: 
Winchester 96S-6043-0531-1.or 
equivalent. 






PCB Dimensions: : 
DC Version Width 3.94 in. (100 mm) x Length 
, 4.725 in. (120 mm) x Height 0.75 
in. (19 mm) 
M Version Width 3.94 in. (100 mm) x Length 
, 3.35 in. (85 mm) x Height 0.40 in. 
(10 mm) pean 
Weight: Less than 0.45 Ibs. (0.20 kg.) 
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456 +.003 
DIAMETER 
4 PLACES: 


1156 4,003. 
“DIAMETER 
. “6 PLACES: | 
“MAGE 64-PIN.. 
~_DIN'CONNECTOR 












MALE 64-PIN © 
DIN CONNECTOR 





R1212M 


3.937 - 

















Printed Circuit Board Dimensions 
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PRELIMINARY 
INTRODUCTION FEATURES 
The Rockwell R2424 is a high performance full-duplex 2400 bps * CCITT V.22 bis, V.22 A, B Compatible 
modem. Using state-of-the-art VLSI and signal ‘processing -¢ Bell 212A and 103 Compatible 
technology, the R2424 provides the user with enhanced perform-. ¢ Synchronous: 2400 bps, 1200 bps, 600 bps +0.01% 
ance and reliability or a single printed circuit board of less than e Asynchronous: 2400 bps, 1200 bps, 600 bps + 1%, ~ 2.5%, 
22 square-inches—overall size. 0-300: bps , 
oo, —Character length 8, 9, 10, or 11 bits 
The R2424 modem is ideal for data transmission over the 2-wire ¢ DTE Interface 
dial-up telephone network. The direct-connect, auto dial/answer —Functionally: Microprocessor Bus (Control) and RS-232-C 
features are specifically designed for remote and central site... . ‘Interface (Data/Control) 
computer applications. The bus interface allows easy integra- —Electrically: TTL Compatible 
tion into a personal computer, box modem, microcomputer, ter- ¢ Operation: 2-wire full-duplex 
minal or any other communications product that demands the * Adaptive and Fixed Compromize Equatization 
utmost in reliability and performance. , * Test Configurations: , 
eye —Local Analog Loopback 
The added test features, such as local analog loopback, remote —Remote Digital Loopback 
digital loopback, and a self-test function, offer the user flexibil- —Self Test 
ity in creating a 2400 bps modem design. customized for specific « Auto/Manual Answer. 
packaging and functional requirements. e Auto/Manual Dial: 
—Tone or Pulse Dial 
Being CCITT V.22 bis, V.22 A, B compatiole, as well as Bell 212A e Power Consumption: 3 Watts Typical 
and 103 compatible, this modem fits most applications for full- * Power Requirements: +5 Vdc, +12 Vdc 
duplex 2400 and 1200 bps fallback (synchronous and asyn- ¢ Plug-compatible member of new Rockwell modem line 
chronous) and 0 to 300 bps asynchronous data transmission over * Two Versions: A2424DC (Direct Connect) with FCC approved 
the general switched telephone network. -DAA Part 68 Interface and R2424M (Module) without DAA 
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~ TECHNICAL SPECIFICATIONS dation, the level of transmitted power for the 1800 Hz guard 


tone should be 6 +1 dB below the level of the data power 
in the main channel. The total power transmitted to the line 








The following are the technical specifications for the R2424 


modem. should be the same whether or not a guard tone is enabled. 
If a 553.846 Hz guard tone is used, its transmitted power 
SEER OIE CARRIER AND SIGNALING shouid be 3 + 1 dB below the level of the main channel power, 


and again the overall power transmitted to the line should 

remain constant whether or not a guard tone is enabled. The 

device accomplishes this by reducing the main channel 

transmit path gain by .97 dB and 1.76 dB for the cases of 
Transmitter Carrier and Signaling the 1800 Hz and 553.846 Hz guard tones respectively. 

Frequencies Specifications 3. DTMF Tones: The A2424 is capable of generating dual tone 

multi-frequency tones. When the transmission of DTMF tones 

are required, the CRQ and DTMF bits must be set to a 1 (see 

Frequency (Hz + 0.01%) Interface Memory). When in this mode, the specific DTMF 

V.22 bis low channel, Originate Mode tones generated are decided by loading transmit register with 


V.22 low channel, Originate Mode the appropriate digit as shown in the following table: 
V.22 bis high channel, Answer Mode 
V.22 high channel, Answer Mode 


The transmitter carrier and signaling frequencies are given in 
the following table: 


Interface Memory Signals 


Bell 212A high channel Answer Mode 
Bell 212A low channel Originate Mode 
Bell 103/113 Originating Mark 

Bell 103/113 Originating Space 

Ball 103/113 Answer Mark 

Bell 103/113 Answer Space 





TONE GENERATION 


The specifications for tone generation are as follows: 

1. Answer Backtones: The R2424 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz +15 Hz. 
b. Bell; 2225 Hz +10 Hz. 

2. Guard Tones: If GTS is low, an 1800 Hz guard tone fre- 
quency is selected; if GTS if high, a 553.846 Hz tone is 
employed. In accordance with the CCITT V.22 Recommen- 








OaOonouhwony —- 0 


* 
Spare (B) 
Spare (C) 
Spare (D) 

# 
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Signaling and Data Ratés 


_ Operating Mode 


V.22 bis: Synchronous/Asynchronous 
2400 bps +0.01% 





V.22 bis: Synchronous/Asynchronous 
1200 bps +0.01% 
V.22: 
(Alternative A) 
Mode i 1200 bps 40.01% Synchronous 


Mode iii 600 bps +0.01% Synchronous 
(Alternative B) 


Mode i 1200 bps +0.01% Synchronous 
Mode iii 600 bps +0.01% Synchronous 


Mode ii 1200 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 





Mode iv ' 600 bps Asynchronous 

8, 9, 10, or 114 Bits Per Character 
Bell 212A: 600 1200 bps +0.01% 
Synchronous/Asynchronous 

0 to 300 0 to 300 bps Asyrichronous 
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TONE DETECTION 
The R2424 can detect tones in the 340 to 645 Hz band. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R2424 are defined in the 
table below: 


DATA ENCODING 


The specifications for data encoding are as follows: 

1. 2400 bps (V.22 bis). The transmitted data is divided into 
groups of four consecutive bits (quad bits) forming a 16-point 
signal structure. 

. 1200 bps (V.22 and Bell 272A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal etements. 


Le) 


Lf) 


EQUALIZERS 


The R2424 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer—An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 bis, V.22 
and Bell 212A configurations. 


Fixed Compromise Equalizer—Compromise equalizers are pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


1. V.22 bis. The transmitted line signals (excluding the 
characteristics of the fixed comromise equalizer) have a fre- 
quency amplitude spectrum shaped by the square root of 
75 percent raised cosine filter. The group delay of the 
transmitter output is within +100 microseconds over the 
frequency ranges 900 to 1500 Hz (low channel) and 2100 to 
2700 Hz (hgh channel). 

2. V.22. After making allowance for the nominal specified com- 
promise equalizer characteristic, the transmitted line signal 
has a frequency spectrum shaped by the square root of a 
75 percent raised cosine filter. Similarly, the group delay of 
the transmitter output is within + 100 microseconds over the 
frequency range 800 to 1600 Hz (low channel) and 2000 to 
2800 Hz (high channel). 


SCRAMBLER/DESCRAMBLER 


The R2424 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 bis, V.22 and 
the Bell 212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R2424 can adapt to received frequency 
errors of up to + 7 Hz with less than a 0.2 dBm degradation in 
BER performance. 
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RECEIVE LEVEL 


The receiver circuit of the R2424 satisfies all specified perform- 
ance requirements for the received line signals from — 12 dBm 
to — 45 dBm. The received line signal is measured at the receiver 
analog input AXA. 


RECEIVE TIMING 


The R2424 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 + 1% duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a + 0.01% 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R2424M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R2424M can 
be strapped via the host interface memory to accomplish this. 


Transmit Level 


Configuration Word Transmit Level 





~- 4 = GQa0dn 





PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R2424M transmit level is set to 0 dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R2424DC transmit level is strapped in the permissive mode 
so that the maximum output level is -9.5 dBm +0.5 dBm. 


TRANSMIT TIMING 


The R2424 provides a Transmit Data Clock (TDCLK) output with 

the following characteristics: 

1. Frequency. Selected data rate of 2400, 1200 or 600 Hz 
(40.01%). 

2. Duty Cycle. 50 +1%. 


Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 


CLAMPING 


The following clamp is provided with the R2424: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 
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(OPTIONAL) 
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TELEPHONE | 
LINE 





R2424 Functional Interconnect Diagram 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than — 45 dBm 
(RLSD on) and less than — 48 dBm (RLSD off) for V.22 bis, V.22 
and Bell 212A configurations, 


DATA SET READY 


The on condition of the R2424 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 


1. The modem |s not in the talk state, i.e., an associated 
telephone handset is not in. control of the line. . 

2. The modem is not in the process of automatically establishing 
‘a call via pulse or DTMEF dialing. 

3. The modem is generating an answer tone or. detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 


DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 


DATA TERMINAL READY 


An on condition of DTR prepares the modem to be connected ~ 


to the communications channel, and maintains the connection 
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established by the OTE (manual answering) or internal 
(automatic answering) means. The off condition places the 
modem in the disconnect state. 


MODES OF OPERATION 


The R2424 is capable of being operated in either a serial or a 
parallel mode of operation. 


SERIAL MODE 


The seria! mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 


CONTROL SELECTION 


Selection of either the serial or paralle! control is by means of 
bits ({0,1]:D:7). To enable the parallel control, the bits must be - 
set to a one. In either mode, the R2424 is configured by the host 
processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 32-byte interface memory. 
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R2424 Hardware Supervisory Circuits 
Name Type Pin No. Description 
A. OVERHEAD 
DGND 











Digital Ground 


AGND 
+5 VDC 


Analog Ground 
+5 Volt Supply 
+12 VDC + 12 Volt Supply 
-12 VDC - 12 Volt Supply 
POR Power-On-Reset 


B. MICROPROCESSOR INTERFACE 





| Data Bus (8-Bits) 


Register Select (4-Bits) 


Chip Select for Bank 0 
Chip Select for Bank 1 
Read Enable 

Write Enable 

Interrupt Request 


External Transmit Clock 
Transmit Data Clock 

Receive Data Clock 
Clear-to-Send 

Transmit Data 

Receive Data 

Received Line Signal Detector 
Data Terminal Ready 

Data Set Ready 

Ring Indicator In 


ONLY) 


Receive Analog 
Transmit Analog 





Ring Detect 

Request Coupler Cut Through 
Coupler Cut Through 
Off-Hook Relay Control 


| Transmit Baud Clock 
Receive. Baud Clock 
Talk TLK = Data 
Originate ORG = 





Answer 


Bidirectional 
Input 

Output 

Open Collector 
Power 

Ground 
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HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are given in the 
following table. The microprocessor interface was designed 
to be compatible with an 8080, 6500, 6800, and 68000 
microprocessor. 





READ WRITE 
TCS 
Csi 
(i = 0,1) 


El eG 




















Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
Characteristic 


CSi, ASi setup time prior 
to Read or Write 


Data Access time after Read 





Data hold time after Read 


CSi, ASi hold time atter 
Read or Write 


Write data setup time 
Write data hold time 











Write strobe putse width 
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_ INTERFACE MEMORY 





The R2424 has two banks of 16 registers to which an external When information in these registers is being discussed, the 
(host) microprocessor has access. Although these registers are format Y:Z:Q is used. The bank is specified by Y (0 or 1), the 
-within the modem, they may be addressed as part of the host register by Z (0-F), and the bit by Q (0-7, 0. = LSB). A bit is 
processor's memory space. The host may read data out of or. considered to be ‘on’ when set to a one. 


write data into these registers. These registers, as shown in the 
following table, are refered to as interface memory. 


R2424 Interface Memory 























Reg No. Reg No. s 
Bank - (HEX) Description Bank (HEX) Deseription 
0 0 Do Not Use 4 1 0 Dial Digit Register 
ie) 1 Do Not Use. 1 1 Do Not Use 
e] 2 Diagnostic Data Real LSB’s 1 2 Diagnostic Data Real LS6’s 
0 3 Diagnostic Data Real MSB's 1. 3 Diagnostic Data Real MSB’s 
fe) 4 Diagnostic Data Imaginary LSB’s 1 4 Diagnostic Data Imaginary LSB’s 
0 5 Diagnostic Data Imaginary MSB’s 1 5 Diagnostic Data Imaginary MSB‘s. 
oO 6 Do Not Use 1 6 Do Not Use 
(0) 7 Do Not Use 1 7 Do Not Use 
fa) 8 Receiver Status 1 8 Transmitter Status 
0 9 Receiver Status ° 1 9 Configuration 
oO A Configuration 1 A Configuration 
0 B Configuration 1 B Configuration 
0° G Configuration 1 Cc Configuration 
0 “D Configuration 1 D Configuration 
0 E Handshake Status 1 E Handshake Status 
0 F Diagnostic Control Register 1: F 


Diagnostic Control Register 


The interface memory bits are defined in the following table: 
Interface Memory Definitions 


_Memory : 
Location 


1:D:4 










Description 









"When on, AAE causes the modem to automatically answer when a ringing signal 
is present on the line. 


Auto Answer Enable 











Analog Loopback (0,1):B:0 . When on, AL places the modem in analog loopback. (See Software Diagnostic 


Circuits.) 





Bus Select When on, BUS places the modem in the parallel control mode. When off, the 
modem is configured for the serial control mode. BUS can be in either state to 


configure the modem. 


(0,1):D:7 





Character Length Select (0,1):C:(3,4) These bits select either 8, 9, 10, or 11 bit characters. (See Character Length | 


table.) 
















When on, CRQ places the transmitter in auto dial and the receiver in tone 
detect mode. The data placed in the diat digit buffer is then treated as digits to 
be dialed. After the last digit has been ‘dialed, FF (Hex) should be loaded into 
the buffer to tell the modem to go to the data state. CRQ in the transmitter 
(Bank 1) when turned off causes the modem to go on-hook. Therefore, it should 
| be on for the duration of the call.and not turned off until it is desired to go on- 
hook. CRQ in the receiver (Bank 0) must be turned off immediately after 
ringback is detected fo.put the modem in the data mode, otherwise no 
answerback tone will be detected. 


Call Request | (0,1):D:6 





Clear-to-Send When on, CTS indicates to the terminal equipment that the modem will transmit 


any data which are present at TXD. 












| Talk/Data When on, DATA places the modem in data state and when off in the talk state. 








Dial Digit Empty Interrupt When on, DDE! causes an interrupt to occur when the dial digit register (1:0).is 


empty: (DDRE = 1). 






Dial Digit Register Empty 





When on, DDRE indicates that the dial digit register is empty and can be loaded 
with new digits to be dialed. After the register is loaded, DDRE goes off. 
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Digital Loopback (Manual) © 
Data Line Occupied 


Data Set Ready 


Data Set Ready In Analog 
Loopback 


Touch Tones/ 
Pulse Dialing 


Data Terminal Ready 


Enable New Status 
Interrupt 


Enable Response to 


Remote Digital Loopback 


Guard Tone Enable 


Guard Tone Select 
Interrupt Request 


- Enable Loss of Carrier 
Disconnect 


Mode Select 


New Configuration 


New Status 


Originate/Answer 


Initiate Remote Digital 
Loopback 
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Interface Memory Definitions (Continued) 


(0,1):A:5 


1:8:7 


(0,1):E:6 
(0,1):A:7 
1:8:4 


1:B:3 
(0,1):E:7 


0:D:2 
(0,1): A:(0-3) 


(0,1):E:3 


(0,1):E:5 


1:9:5 


(0,1)::A:6 





Memory 
Definition Location Description 


When on, DL manually places the modem in digital loopback. (See Software 
Diagnostic Circults.) 


When on, DLO indicates that the modem is in auto dial, i.e., CRQ is on and 
the modem is off-hook ready to dial. 


When on, DSR indicates that the modem hanshake has begun and that the 
data state will follow. DSR alone should not be used to indicate that the 
communication channel has been completely established. OSR in conjunction 
with CTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 


When on, DSRA causes DSR to be on during analog loopback. 


When on, DTMF tells the modem to auto dial using tones. When off the 
modem should dial using pulses. 


DTA must be on before the modem will enter the data state, either manually 
or automatically, DTR must also be on in order for the modem to automatically 
answer.an incoming call. 


‘When on, ENS! causes an interrupt to occur when the status bits in registers 


(0:[8, 9]) and (1:6) are updated. (NEWS = 1) 


When on; ERDL enables the modem to respond to another modem's remote 
digital loopback request, thus going into loopback. 


When on, GTE causes the specified guard tone to be transmitted (CCITT 
Configurations only). 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 
When on, !RQ indicates that an interrupt has been generated. 


When on, LCD causes the modem to terminate a call when a loss of received 
carrier energy is detected after approximately 350 msec. 


These bits select the compatibility at which the modem is to operate. (See 
Mode Select table). , 


When on, NEWG tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 
tagisters and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D}} and (1:[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 
new data was written into them. 


When on, NEWS tells the user that there has been a change of status in the 
status registers. 


When on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 


When on, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 
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Interface Memory Definitions (Continued) 


aa . Definition 


ADLI Remote Digital Loopback 
Indicator - 











Memory 
‘ Location 


Ring Indicator 





Received Line Signal 
Detector 







Enable Receive Space 0:D:1 


Disconnect 


Speed Indication 


















0:9:(4,5) 





Enable Send Space 1:0:0 


' Disconnect 











Self Test (0,1):A:4 
3DB ‘3 dB Loss to Receive 

Signal 
TONE Tone Detect 
TXCLK | Transmit Clock Select 1:¢:(5,6) 





01 






‘Deacription 


When on, RDLI indicates that the modem has received an RDL request and is 
In ramote digital loopback. 





When on, Rl indicates that a ringing signal is being detected. 


When on, RLSD indicates that the carrier has successfully been received, 


‘RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 


When on, RSD causes the modem to go on-hook after receiving approximately 
1.6 seconds of continuous spaces. 


00 


300 bps 10 
600 bps 11 


1200 bps 
2400 bps. 


When on, SSD causes the modem to transmit approximately 4 seconds of 
spaces before disconnecting, when. OTR is turned off. 


‘ - oe 
When on, ST activates self test. ST must be turned off .to end the test. (See. 
Software Diagnostic Circuits.) 


When on, 3DB attenuates the received signal 3d8. This is only used if the 


- R2424M will see OdBm. ‘or greater line signal at the receiver input. Insertion of 


the 3dB loss will then prevent saturation. This bit is not needed with the 
R2424DC. 


TONE follows the energy detected in the. 340 to 645 H2 frequency band. The 
user must determine which tone is present on the lina by determining the duty 
cycle. TONE is active only: when CRQ in Bank 0 is on.. 









TXCLK allows the user to dasignate: the origin of the: transmitter data clock. 
(See Transmit Clock table:) 


SOFTWARE SUPERVISORY CIRCUITS és _ Mode. _ _ 
The operation of the R2424 is affected by a number of software Configuration ae 
control inputs. These inputs are written into registers within the Bell 212A - 1200 Syne. 0 
modem via a microprocessor bus under external control. Modem Bell 212A 1200 Asyne. 
operation is monitored by various software flags that are read Bell 212A 300 Async. 
from modem registers using the same microprocessor bus. V.22A 1200 Sync. . 
V.22B 1200 Async. 
The transmit and receive registers: contain many bits which per- -V.22A 600 Sync. 


form identical functions and are located in the same memory 
location only in different banks. Care must be taken to set these 


bits according to the desired function. 


CONFIGURATION REGISTER 


The host processor configures the R2424 by writing a control 
word into the configuration registers in its interface memory 


space as shown in the.following tables: 


V.22B 600 Async. 
V.22 bls 2400 Syne. *.. 
V.22 bis 2400 Async. 
V.22 bis 1200 Sync. 
V:22 bis: 1200 Async. 


i ie tiie Nas ah a 

Hunn ond0o0400 
wa~OO4200044 
~AO4So=0+4~00-0 





Character Length 


Configuration Configuration Word 


8 bits 


9 bits 
10 bits 
11 bits 
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Transmit Clock 


Corifiguration Configuration Word 


Internal _ 0 0 
Not Used 
- External 











‘Receiver Interface Memory Bank 0 (CSO) 





Diagnostic Data Real tow. 
Diagnostic Data’ Real High 
Diagnostic Data Imaginary Low 





Diagnostic Data Imaginary High 


re 





fie Prone i. [Rou [usaf 
es a a es ee 
| Mode 


Pa fern Rot [Be 


Fee ae eae ee 
|. | tcp jAsD| 


seems 
-_p [aus [ora] 


ENSI (NEWS 











Diagnostic Data Real. Low 
Diagnostic Data Reat High 











Diagnostic Control Register 







AUTO DIAL SEQUENCE 


The following flow chart defines the auto dial sequence via the’ 
microprocessor interface memory. , 





SET DTMF 


LOAD DIAL 
“|. DIGIT INTO 
D.D. REG 


LOAD FF | 
| INTO |... 
" —D.D. REG. 








Auto Dial Sequence. Flow Diagram 


-Note: The modem timing for the auto dialer accounts for inter- 


digit delay for pulses and tones. 


DIAGNOSTIC CAPABILITIES 


The R2424 provides the user with access to much of the data 
stored in the modems memories. This data is a uséful tool in 
performing certain diagnostic functions. 


RAM ACCESS CODES 


The RAM access cades defined in the table below allow the host 
processor to read diagnostic data from the’'modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5)). 


RAM Access Codes Bank 0. 























Function 


Scrambied Data (Imag. Reg.) -00 Real 
Self Test Error Counter (Real Reg.) |} ~00 Real 
Equalizer Tap Coefficients 01-09 | Complex 
Phase Error (Real Reg.) | -0C | Real 


Rotated Equalizer Output - Complex 
(Received Point Eye Pattern) 

Rotated Angle (Imag. Reg.) 

Low Pass Filter Output 

Input Signal to Equalizer Tap Coefficients 

Decision Points (Ideal) 

Rotated Error 

Equalizer Output 


Demodulator Output 


OE Real 
40 Complex 
Complex 
Complex 
Complex 
Complex 
Complex 
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TEST 


The specifications for R2424 tests are defined as follows: 


Self tests can be initiated by setting bits ([0,1]:A:4) to a 1. It 
is possible to perform the tests with or without the OTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0: F). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In'this test DTR is ignored. 


Self test with loop 2—The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks—Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R2424 can be manually conditioned 
to loop the received data back to the transmitter by setting 


NOISE 
SOURCE 
GR1381 
50 KHZ BW 


LINE IMPAIRMENT 


SIMULATOR SOURCE 
BRADLEY 2A 


ENGINEERING 
MODEM 
CONSOLE 





Signal and noise are measured with 3 kHz flat weighting. 





the DL bits ([0,1]:A:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE’s DTR. 

2. Local Analog Loopback {V.54 Loop 3). The R2424 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter’s analog output is coupled to the 
receiver's analog input at a point near the modem’s telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis and V.22). The R2424 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 


POWER-ON INITIALIZATION 


When power is applied to the R2424, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to V.22 bis 2400 bps, answer 
state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user’s host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


ATTENUATOR 
HP 350D 


ATTENUATOR MODEM 
HP 350D RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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PERFORMANCE 


Whether functioning as a V.22 bis, V.22, or Bell 212A type 
modem, and regardless of simulated line condition or introduced 
line impairment, the R2424 provides unexcelled high perform- 
ance to the user. 


BIT ERROR RATES 


The Bit Error Rate (BER) performance of the R2424 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of — 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


Low 0.0V to +0.8V at -—2.5 pA 
High . +2,0V to +5.0V at +2.5 pA 










Notes: 
1. The digital inputs are directly TTL/CMOS compatible. The 

capactive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 





Digital Output Characteristics 
Output Logic State 


Low 
High 





Allowed Output Voltage Levels 


+0.4V at +1.6 mA 
+2,.4V at ~100 pA 












Notes: 
1, The digital outputs are directly TTL/CMOS compatible. 

The capactive loading on each output is 50 pF (maximum). 
2. Positive current is defined as current into the node. 








ANALOG INTERFACE CIRCUITS 


TRANSMISSION LINE INTERFACE 


The R2424DC interface to the telephone line is the Tip and Ring 
teads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 


The DAA (R2424DC only) is bi-directional as required by 2-wire 
full-duplex circuits. 
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Connection to the telephone line interface pins of the R2424DC 
to the network are made via the RJ11, as shown in the table 
below: : 


R2424DC Network Interface 


1 





VSOCc 2 
Ring-one side of 
telephone line — 
Tip-one side of 


telephone fine 





RING INDICATOR 


The R2424 provides a ring indicator.(Rl) output; its low state 
indicates the presence of a ring signal on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation 
of Al is not disabled by an off condition on Data Terminal Ready. 


RI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels.of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 


Ri Response Time 


Rl Transition 


Response Time 


125 ms to 400 ms 
75 ms to 250 ms 





Off-to-On 
On-to-Off 





This off-to-on (on-to-off) response time Is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the subsequent on (off) transi- 
tion Rl. 


OH (OFF-HOOK) 


The R2424M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (i-e., 
the modem Is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of ihe OH relay is 8 ms maximum. 
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RD 

AD indicates to the R2424M by an on (low) condition that a 
ringing signal is present. The RD signal should not respond ta 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 


RCCT 


RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


CCT 


Anon (low) signal to the CCT lead indicates to the R2424M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 


The specifications for the audio interface input impedance are 
given in the following table: 


Audio Interface Input Impedance 


On/Off Hook 


On-Hook (DC) 






Measurement 













The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 

10 megohms for DC voltages up to 
100 volts. 


The on-hook AC impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Less than 200 ohms. 








On-Hook (AC) 








Oft-Hook (DC) 
Off-Hook (AC) 









600 ohms nominal when measured 
between Tip and Ring. 








TRANSMITTER OUTPUT 


Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed — 12 dBm. 
Several different ‘‘connection arrangements’’ have been 
established (as documented in Part 68) to accomplish this goal. 


When the permissive connection arrangement Is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
-9dBm. The output level is set at a fixed — 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 
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When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible vaiues) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between — 12 dBm and 0 dBm. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 


INSTALLATION 


IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telaphone network, To com- 
ply with the FCC regulations the following is required: 


1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC 
rules. 

5. The modem contains protective circultry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

* Promptly notify you of the discontinuance. 

* Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 

displayed on an outside surface of the OEM's end product. 

* Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Aules. 

¢ FCC Registration Number: Applied For 

e Ringer Equivalence: 0.5 

Size of the label should be such that ali the required infor- 

mation is legible without magnification. 
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GENERAL SPECIFICATIONS 


Power Requirements 


“current an 


<500 ma 


< 10 ma 


< 50 ma 


*All voltages must have ripple <0.1 volts peak-to-peak. 


Environmental 


Temperature: ; 

Operating 0°C to +60°C (32 to 140°F) 
Storage* -— 40°C to + 80°C (-40 to 176°F) 
Relative Humidity: Up to 90% noncondensing, ora wet 

bulb temperature up to 35°C, 
whichever Is less. 
Altitude: — 200 to + 10,000 feet 


- *PCB’s are stored in heat sealed antistatic bags and shipping 
containers. : 
















Mechanical 


Board Structure: Single PG board with right angle 
male DIN connector. © 
Female 3 row 64 pin Euroconnector 
(DIN) with rows A and C populated, 
Recommended mating connector: 
Winchester 96S-6043-0531-1 or 
equivalent. 





Mating Connector: 


PCB Dimensions: 
DC Version Width 3.94 in. (100 mm) x Length 
4.725 in. (120 mm) x Height 0.75 
in. (19 mm) 
Width 3.94 in. (100 mm) x Length 
3.35 in. (85 mm) x Height 0.40 in. 
(140 mm) , 
Less than 0.45 Ibs. (0.20 kg.) 


M Version 









Weight: 
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156 +.003 ot 158" $0038 0 
DIAMETER ae - ae DIAMETER. ; 
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MALE 64-PIN a bea ; a DIN: CONNECTOR nis 
DIN ‘CONNECTOR a 








Printed Circuit Board Dimensions 
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INTRODUCTION 


The Rockwell A24DC is a high performance synchronous serial 
2400 bps DPSK modem. Extensively utilizing MOS/LSI technol- 
ogy with registered protective circuitry, the R24DC is ideally 
suitable for direct connection to the domestic switched network 
or two-wire private lines. Performance and versatility are enhanced 


while cost and size are reduced by the on-board Rockwell. 


PPS-4/1 One Chip Microcomputer 


Having Bell 201C and CCITT V.26 bis compatibility, the R24DC 
offers the user a high performance 2400 bps modem that is FCC 
registered for direct connection to the dial-up network. No 
re-registration of OEM equipment is required when the simple 
installation instructions, supplied with the R24DC, are followed. 
OEM's can easily incorporate this single (5” = 8") card into their 
computer terminals, communication networks, PABX equipment, 
data concentrators, stand-alone box modems or almost any 
application where reliable data communication is required. 


FEATURES 


High Performance; Low Cost 
¢ LSI High Density; Low Power 
e Microcomputer Controlled Line Connect/Disconnect Sequence; 
Low Component Count 
Bell 201 C, CCITT V.26 bis Compatible 
Half Duplex (2-Wire) Operating Mode 
2400 BPS Data Rate © 
Auto or Manual Answer 
Auto or Manual Dial Through (Pulse Dialing) 
Automatic Answer Back Tone Generation upon Auto Answer 
Direct Connect to Switched Network 
Programmable or Permissive Connection Arrangement: 
‘Local Analog Loopback Test Mode 
Compromise Equalizer (Strap Selectable) 
Scrambler/Descrambler Facility (Selectable) 
Line Current Sensing (Selectable) 
DTE Interface LSTTL/CMOS Compatible Levels. RS-232-C 
Functions 
External Transmit Data Clock Tracking 
Power Requirements, +12V, +5V 
Typical Power Consumption 3 Watts 
Diagnostic Outputs Available for Eye Pattern and Data Quality 
Monitor 
e¢ 15 Second Abort Timer (Selectable) 
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FUNCTIONAL SPECIFICATIONS 
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R24DC Functional Block Diagram 


Transmitter Carrier Frequency — 1800 Hz +0.01% 


Echo Suppression and Answering Tone Frequencies — 
2100 Hz +0.01% or 2025 Hz +0.07%. 


Received Signal Frequency Tolerance — The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data Signaling and Modulation Rate — The normal signaling 
rate is 1200 baud + 0.01%, and a data rate of 2400 bps + 0.01%. 
The fallback signaling rate is 1200 baud +0.01%, and a data 
rate of 1200 bps +0.01%. 


Transmitted Data Spectrum — The transmitted spectrum’s 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC’s regula- 
tions, and typically exceed the requirements of international 
regulatory bodies as well. oe 


Data Encoding (DPSK) — At 2400 bps, differential 4-phase 
modulation is employed. The data stream to.be transmitted is 


PHASE CHANGE e 
_ V.26A V.26B/Bell 201, 
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divided into pairs of consecutive bits (dibits). Each dibit -is 
encoded as a phase change relative to the phase of the immedi- 
ately preceding signal element. Two alternative arrangemenis 
of coding are possible (in accordance with CCITT Recommen- 
dations V.26 and V.26 bis) as shown in the following chart. 


0° ° 


, ' i 
ALTERNATIVE A +30 a +180 
+459 4135° = +225° = +3:15° 


ALTERNATIVE B 


| 





Reference Line Signal Diagram (V.26 A&B) 


At 1200 bps, differential 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the immediately preceding signal element. The 
encoding is in accordance with CCITT Recommendation V.26 


‘bis as shown in the following chart. 















1200 BPS 


b PHASE CHANGE 


* ¢90° 
+270° 


Turn On Sequences — A total of six selectable turn on 
‘sequences can be generated by the transmitter of the R240C, 
as shown in the following chart. 
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TYPE OF 
LINE 


SIGNAL SEGMENT 1 


CONTINUOUS 
UNSCRAMBLED 
ONES 


TURN-ON 
SEQUENCE 
- NUMBER 


SEGMENT 2 


CONTINUOUS 
SCRAMBLED! 
ONES 


TOTAL OF 
SEGMENTS 
1,2 


‘(NOMINAL 
TOTAL 
TURN ON 
SEQUENCE 

TIME2 COMMENTS 
90 ms 
. 90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 


V.26, V.26 bis 
(scrambler inserted}. 
Bel! 201C 
(scrambler inserted) 
V.26 bis : 
(scrambter inserted) 


As is evident fromm the above for those turn-on sequences for which the scrambler is inserted, the transmitted line signal corresponds to a 
continuous. ‘‘one”’, unscrambled, for 8.33 ms-ten baud (symbol) intervals — followed by the transmission of a continuous ‘‘one”, scrambled, 


for the remainder of the turn-on sequence. 


Turn Off Sequence — When the R24DC transmitter has been 
sending data and Request-to-Send is turned off, any remaining 
data bit information is transmitted within 6 milliseconds. 


Response Times of Clear-to-Send.— The Clear-to-Send 
response times are determined by the selected configuration 
of the R24DC and its associated turn-on sequence, as shown 
in the following chart. 


CLEAR-TO-SEND 
AESPONSE TIMES! 


OFF-TO-ON | ON-TO-OFF 


90 ms, 
90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 


TURN-ON 
SEQUENCE 


NUMBER COMMENTS 


V.26 bis 

V:26 bis w/scrambler 
Bell 201C 

Bell 201C w/scrambler 
V.26 bis 

V.26 bis w/scrambler 


The tolerance on each Off-to-On and On-to-Off response time is 
(+3.4, -0.1) ms. 


Scrambler/Descrambler — The R24DC incorporates a self- 
synchronizing scrambler/descrambler. This feature is enabled 
by a discrete digital input. 


Carrier Detection — The receiver circuit of the R24DC contains 
a received line signal detector which indicates the presence of 
energy at the receiver input above a certain threshold for a mini- 
mum amount of time. ; 


> Carrier Detect Thresholds 













Carrier Detect Response Time 










Carrier Detect Transition ‘Response Time 


Off-to-On 14 +1 ms 
: On-to-Off “Bt3ms 








Greater than-43 dBm | On (Line signal present) _ 
Less than -48 dBm Off {Line signal not present) 
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Clamping — The following clamps are provided: 


1. Received Data. The Received Data output is clamped to 
a mark when Carrier Detect is off. This action prevents 
disturbances on the line from getting through the receiver 
circuit to the data output. 


2. Carrier Detect Clamp. The Carrier Detect output is. clamped 
off (squelched) during the time when Request-to-Send is on. 
An option extends this clamp for 148 ms beyond transitioning 
off; thus providing echo protection. 


3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any disturb- 
ances frorn propagating through the receiver circuit to the 
receive clock output. 


Equalizer — The R24DC contains a fixed compromise delay 
equalizer, which can be used to improve performance over the 
domestic switched network. The equalizer may optionally be 
positioned in the receiver, or removed entirely, by means of a 
jumper plug. The equalizer has a nominally flat 0.0 dB amplitude 
response. 


Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambied at the 
receiver back to the constant mark. A transmission errors would 
be represented as a space for the duration of an incorrect bit. 


Receive Level — The R24DC receives line signals from 0 to 
-43 dBm. 


Transmit Timing — The R24DC generates a Transmit Clock 
having the following characteristics: Frequency — 2400 Hz 
+ 0.01% (1200 Hz +0.01% in fallback mode), duty cycle — 50 
+1%. The R24DC is also optionally capable of tracking an 
External Transmit Clock supplied by the user. Both have simitar 
characteristics. 


Receive Timing — The modem provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 + 1% duty 
cycle). The modem timing recovery function is capable of track- 
ing a + 0.01% frequency error in the associated transmit timing 
source. 
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Transmit Level — The R24DC transmitted output line signat 
level may be regulated in either the permissive or programmable 
modes. (n the permissive mode, the transmitted line signal level 
is -9 dBm maximum. In the programmable mode, the transmitted 
line signal level is set by an external resistor installed by the 
telephone company in the wall jack. Using this method, the trans- 
mitted line signal level can be controlled in increments of 1 dBm 
from 0.0 to -12 dBm, depending on the value of resistance 
installed. 


Answering Tone Generation — When in the automatic answer- 
ing mode, the R24DC generates a selectable answeririg tone 
of 2100 Hz +0.01% or 2025 Hz +0.01%. It is also capable of 
optionally providing this tone when in the manual answer mode. 


Answering Tone Frequency 


INPUT 


SELECT 1 ANSWERING TONE 


(P1-34) FREQUENCY 


Satellite Option and DSR Selection 


DSR (P1-30} 
Satellite During Analog AL-DSR Enable 
Option Loopback (P1-12) 


OFF (High) High 

ON (Low) Low 

ON Low) Wired to Analog Loopback 
OFF (High) Wired to Analog Loopback ?. 


1. Inverse of Signal applied to Analog Loopback Input. 





Baud Clocks — Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have character- 
istics similar to the data clocks except that their frequency is 
equal to the signalling rate of 1200 Hz +0.01%. 


Analog Loopback — The R24DC can be /ocally commanded 
into local analog loopback (CCITT Loop 3) via digital input Analog 
Loopback, when in the wait mode. 











Data Structure 


DATA 
‘SIGNALLING 
RATE 
SELECTOR V.26 A/B 
(P1-16) (P1-14) 


DATA STRUCTURE 


Low 2400 bos Alternate A 


High 2400 bos V.26 Alternate B 
(Bell 201C) 


Low or High 1200 bps 


Abort Timer — The R24DC contains a 15 + 1 second abort timer, 
which may be enabled via the Abort Enable input. 


Line Current interrupt Disconnect — The R24DC contains a 
475 +125 ms line current interrupt abort timer, which may be 
enabled via the LCIS Enable input. 


The digital interchange circuits provide control, status indicators, 
data clocks and data interface. Traditional RS232-type control 
functions and additional signals allow the user to access the 
inherent flexibility and monitoring capabilities of the R24DC. 


Carrier Detect Squelch 


INPUTS 


ANALOG REQUEST. 
LOOPBACK | SELECT 2 TOSEND 
(P1-33) (P1-35) (P1-11) SQUELCH status" 
Low or High | Low or High }| No Squelch 


Low or High | Low Squelch 


High Low-*>High | Extended Squeich” 


Low Low-*> High | No Extended Squelch 


“Squeich” means that Carrier Detect is clamped off (high) regard- 
less of the level of received line signal. When “extended squelch” 
is enabled, squelch occurs both during the time when Request- 
to-Send is on (low) and for 148.3 ms (+3.4, -0.1 ms) following 
the On-to-Off transition of Request-to-Send. 


Selection Of Clear-To-Send Response Times 


INPUTS 


SCRAMBLER 
TURN-ON SELECT 1 ENABLE 
SEQUENCE (P 1-34) {P1-15) 


CLEAR-TO-SEND 
RESPONSE TIME! 
(mms) 


SELECT 2 
(P1-35) OFF-TO-ON ON-TO-OFF 


Low 
Low 
Low or High 
Low or High 
High 
High 





The tolerance on each Off-to-On and On-to-Off response is (-3.4, -0.1 ms). 
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OPERATING MODES 


Line connect and disconnect sequences are controlled automati- 
cally by the R24DC which is at all times in one of the following 
modes: 


Wait Mode — This is a hot-standby mode. The R24DC enters 
this mode upon a power-up, Reset, or whenever an operational 
mode is exited. The following diagrams illustrate the sequence 
of events for the Wait mode. 










INITIALIZE: 
OH = HIGH 
DATA SET READY = HIGH 
SQUELCH = ACTIVATED 
RESET ABORT TIMER 






POWER UP 







OISABLE REQUEST TO SENO 














is 
ANALOG. 
LOOPBACK 
m LOW? 






ANALOG : 
LOOPBACK 









MANUAL 
ANSWER 





MANUAL 
ORIGINATE 






Wait Mode Flow Diagram 


Analog Loopback Mode — This mode provides the capability 
of diagnosing a problem in the communications link. {n this 
mode, the transmitter’s analog output is connected to the 
receiver's analog input through an attenuator. 


Manual Originate Mode — This mode provides the capability 
of manual call origination. Calls may be originated in the usual 
manner by a telephone set. Signal sequence for this mode is 
shown in the following diagram. 


CATA 


TERMINAL 
READY 
ore oN OFF 
MODEM HANDSET MOOEM i 
SH { 
oH = 
ON-HOOK atewop ON-HOOK 
ANSWERING 
a Orr; 
GENERATION T 
OATA SET - 
READY OFF On Orr 


Manual Originate Mode Sequence 


Automatic Call Mode — This mode provides the capability 
of automatically originating calls by using the pulse dialing 
technique. 


The R24DC allows the user to auto dial by controlling inputs 
DTA, €.0.P. and DP. To originate a call, OTA and C.O.P. must 
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be on. Then DP (normally off) is pulsed at a rate of 9.5 +1.5 


pulses per second. 


The pulse requirement is a uniform train with break intervals at 
58% to 64%. 


The interdigit time (i.e., the time between the end of the jast pulse 
of a given digit and the beginning of the first pulse of a subse- 
quent digit) should be between 700 ms and 3 seconds. 


C.O.P.-is turned off after the called modem answers. Signal 
sequence for this mode is shown in the following diagram. 


CONF: Orr ON 
TERMINAL / 
FF OFF 
OFF Ton 
on 
ON-HOOK ON-HOOK 
OFF-HOOK 
| TEL / 
MODEM MOOEM 
SH 
ANGWERING OFF ‘ [ \ 
to —E Se 
GENERATION \ \ 
DATA GET 


Automatic Call Mode Sequence. 


Manual Answer Mode — This mode provides the capability of 
manually answering calls with a telephone set. Signal sequence 
for this mode is shown in the following diagram. 


DATA BET 
READY ON ON 


DATA 
TERMINAL 


OFF ‘ON OFF 





MODEM 
sh 


i 

ANSWEAING ; 

GENERATION 3.4 bec ase 2.4.8EC 
Wt ENABLED 

BY ABT a 

ENABLE) 


Manual Answer Mode Sequence 


Automatic Answer Mode — This mode provides the capability 
of automatically answering calls. Signal sequence for this mode 
is shown in the following diagram. 


TERMINAL 
READY 


OFF ON 


ele eee 
oan al tam SEC retare( BEC 7 





ANSWERING 
TONE 


GENERATION 


t 
on 
~~? ' OFFHOOK NY ontoon WOOK 
ad ? 
ATA . cal ‘an ‘ =| Loa, 
SET READY ee eee =e fl 
P| \A ! ON OFF 
‘ 
oF MODEM MODEM 


HANOSET 


1,” = 275 ms If satellita option is selecled 
= 65 ms if satellite option is not selected 


Automatic Answer Mode Sequence 
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INTERFACE CRITERIA 


The R24DC interface signals are classified as digital interchange 
signals and analog signals. These signals interface to the user 
through the board edge connector. 


Digital Interchange Circuits — The characteristics of the 
R24DC digital inputs and outputs are given in the following 
charts. 


Digital Input Characteristics 


Allowed Input Voltage Levels 


0.0V to 0.8V sinking <10 WA 
+4.0V (VSS - 1V} to +5.0V (VSS) 
sourcing <10 uA 


Input Logic State 


The digital inputs are directly CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum), 


Digital Output Characteristics 


Ouput Logic State Allowed Output Voltage Levels 


Low 0.0V to 0.4V sinking 0.36 mA 
High 4.0V (VSS - 1V) to 5.0V (VSS) 
sourcing 100 BA 
The digital outputs are directly CMOS or low-power Schottky 
TTL compatible. 











DIGITAL OUTPUT CHARACTERISTICS 
(EXCEPTIONS) 


The exceptions to the above are outputs OH, Rl, SH and A. Out- 
puts OH, RI and SH have the following characteristics: 


Output Logic State 


Allowed Output Voltage Levels 


Low 
High 


0.0V to 0.4V sinking 0.36 mA 
2.4V to 5.0V (VSS) sourcing 100 nA 





Output A, useful in the generation of eye pattern and diagnostic 
information, switches from +5.0V to -12.0V, 


Audio Interface Input Impedance 


On-Haook DC 









DC resistance between Tip and Ring, and 
between either Tip or Ring and signal 
ground is greater than 10 megohms for 
DC voltages up to 100 volts. 












On-Hook AC On-hook AC impedance measured 
between Tip and Ring is less than 40 K 


ohms (15.3 Hz minimum) 


Less than 200 ohms 





Off-Hook DC 
Off-Hook AC 





600 ohms nominal when measured 
between Tip and Ring 










Longitudinal 
Balance 


Meets requirements of FCC Rules, 
Part 68 


FCC Registration Number: AMQ9SQ-68813-DM-R 


Ringer Equivalence: 0.9B 
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Analog Interface Circuits — The analog interface circuits 
defined in the following charts provide power and switched net- 
work connections and a means for the user to monitor the incom- 
ing line signals. 


Analog Interface Circuits 


PIN 
TERM NUMBER DESCRIPTION 


+12V 
-12V 
+5V 
COMMON 










+12V Power Supply 








-12V Power Supply 





+5V Power Supply 








Ground (signal and power return) 






Receiver 
Analog 











Low impedance output of R24DC 
receive filter. Gain from Tip and 
Ring to Receiver Analog is nom- 

_inally 12.7 dB 


TELEPHONE INTERFACE 
LEADS 


Telephone Line Leads 


Leads to external wall jack resistor 
for programmable mode 








Leads routed to contact on exctu- 
sion key of associated telephone 
set 


*° OIAL PULSE 
GENERATION AND 
TONE DETECTION 
CIRCUITRY 


RECEIVED ANALOG 
OIAL PULSE 


= 
So ie EARS 18 ag 
yg OSE Fa 


TELEPHONE 
INTERFACE LEADS 


SEL 2 
V26A/8 


ABT 
ENABLE 
SCRAMBLER 
ENABLE 
ABORT 
ENABLE 
Lcst 
ENABLE 


CONFIGURATION 
CONTROLS MAY 

BE STRAPPED HIGH 
OR LOW AS DESIRED 


DIAGNOSTIC 
TEST CONT 


« REQUIAED (F AUTO ANSWER JS IMPLEMENTED. 
** AUTOMATIC CALLING CAPABILITY CAN BE EASILY (MPLEMENTED WITHIN THE DTE, 





Typical R24DC to OEM Interconnections 
for Half-Duplex Applications 
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ree 


STANDARD 
MINIATURE 


TO NETWORK 


NOTES 


1. Mt ANO MIC ARE REQUIRED ONLY IF HANOSET IS EMPLOYED. 
. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 


NETWORK 
O TN 
rc 


BRIDGING a 


TRANSFORMER 

(HI-Z) ; 
TELEPHONE HANDSET 
TYPE RTC 
OPTIGNED FOR DATA SET 
CONTROL OF THE LINE 


2 

3, STANDARD TELEPHONE CO, PROVIDED JACK RJ16X, RJ46S OR AA1S. ‘ 

4. RJ3I6X OR CONNECTING SLOCK IS REQUIRED ONLY IF TELEPHONE HANOSET. IS EMPLOYED.. WHEN THE RA24DC IS IN THE 
PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C JACK MAY BE EMPLOYED WITH THE ASSOCIATED TELEPHONE SET. 





Typical R24DC to Network Interconnection 


Telephone Line and OEM Connections — Connection of the 
R24DC telephone interface pins to the network is made via 
standard jacks and plugs. A typical installation, including an 
optional telephone set, is illustrated. 


Telephone Set — If it is desirable to have manual call origina- 
tion or alternate voice capability, an exclusion key telephone set 
(configured as Modem Controls the Line) may be ordered from 
-your local telephone company. 


Mounting and Signal Routing — The R24DC may be physically 
incorporated into your OEM end product by using either the four 
corner (0.156 inch) diameter mounting holes or by using board 
guides. The electrical interface is via edge connector(s). 


Interface Mating Connectors 


Type/ P2 (Telephone Line) 
Manufacturer P1 (DTE) Connector Connector 


10 pin 
0.100 in. spacing 
20 pins per side 








Type: 40 pin 
0.100 in. spacing 
20 pins per side 


















53-40-0 
609-4015M 
807-4005-001 


‘63-10-0 
609-1015M 
807-1005-001 


Winchester: 
T&B Ansley: 
Spectra-Strip: 






PERFORMANCE DATA 


The R24DC is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. 





Timing Jitter — The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 


Bit Error Rate — The following graph represents typical R24DC 
performance. 
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10 
SIGNAL TO NOISE RATIO (0B) 


+ 1200 BPS, BACK.TO-BACK, SCRAMBLER, NO EQUALIZER 


. 2400 BPS, V .26A OR B, BACK-TO-BACK, SCRAMBLER, 
NO EQUALIZER 


. 2400 BPS, V .26A OR B, 18°.180 HZ PHASE JITTER, NO 
SCRAMBLER, NO EQUALIZER 


, 2400 Be, »..26A OR B, 30°-120 HZ PHASE JITTER, NO 
SCRAMBLER, NO EQUALIZER 


. 2400 BPS, V .26A OF B, 3002 UNCONDITIONED LINE, 
NO SCRAMBLER, EQUALIZER 


Typical Bit Rate Performance 
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Phase Error — Phase error can be measured by using the 
modem’s output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane; hence, it is a graphic representation of 
modem performance. , 





DISPERSION 
DUE TO GAIN 
ERRORS 







\ 


O]=> DISPERSION DUE 
w= To PHASE ERRORS 
ee 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OB GAIN 
ERROR. 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


Typical Eye Pattern: 4 Phage-2400 BPS-1200 Baud (V26A) 
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Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


POWER REQUIREMENTS 


Maximum 
Voltage Ripple Current 


+§ VDC +5% 
+12 VDC 45% 
-12-VDC +5% 






ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 0°C to 60°C 

Storage Temperature: -40°C to +90°C 

Relative Humidity: to 95% (non-condensing) 

Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 
Burn-in: 96 hours at 70°C 


MAXIMUM DIMENSIONS 


"Width: 4.988 in. (12.669 em) 


Length: 7,900 in. (20.066 cm) 
Height: 0.500 in.-(1.270 cm) 





Rockwell 


R24LL 


Integral Modems 


R24LL 


2400 BPS MODEM 





INTRODUCTION 


The Rockwell R24LL is a high-performance serial synchronous 
2400 bps DPSK modem. By utilizing state-of-the-art MOS/LSI 
technology, the R24LL provides the user with enhanced per-" 
formance and reliability in a small package. Implemented on a 
single printed circuit board, the R24LL is less than 26 square 
inches. 


The R24LL-operates in either the full-duplex (4-wire telephone’ 


connection) or half-duplex (2-wire telephone connection) mode. 
The R24LL is designed for easy integration into a user’s system, 
e.g., a simple box or rack-mount modem, statistical multiplexor, 
error controller, terminal, PBX, or any other communications 
‘product that requires the utmost in reliability and performance 
for data transmission over voice-grade telephone, lines. ’ 


The R24LL i is ideal for data transmission applications over either 
2-wire or 4-wire leased (dedicated) telephone lines or the dial- 
up telephone network. Bell 201 B/C, CCITT V.26 A/B.and V.26_ 
bis A/B compatible, the R24LL modem offers the user flexibility 
in creating a 2400 bps modem design customized for specific 
packaging and functional requirements. 


FEATURES : 
e High Performance—Low Cost . 
e LSI High Density—Low Power 


e Bell 201 B/C, CCITT V.26 A/B Compatibility and V.26 bis 
A/B Compatibility 


e DTE Interface LSTTL/CMOS Compatibility 
e External Transmit Data Clock Tracking 


e Diagnostic Outputs Available for Eye Pattern Generation and 
Data Quality Monitoring 


Fixed Compromise Equalizer (Strap Selectable) 
2400/1200 bps Modes 

_.Transmitter-Differential Phase Modulation 
Receiver-Coherent. Phase Detection 
Operating Modes: 

—Half-Duplex (2-wire) 
— Full-Duplex (4-wire) 
Outstanding Performance Over ‘Unconditioned Lines 
V.27 Scrambler/Descrambler Compatibility 
Answer-Back Tone Generation 
Clear-to-Send Delay Options 
NSYNC Option for Rapid Resynchronization in Multi-Point 
Applications 
Small Size—Less than 26 sq. in. 

e Typical Power Consumption—3 watts 

e Power Requirements, +5 Vde and + 12 Vde 
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COMPROMISE 
EQUALIZER 


TRANSMITTER 
osc 
DIVIDER 


] TRANSMIT 
FILTER 


‘-| TRANSMITTER 
_DEVICE 


MOS/LSI 
(11042) . 


TRANSMIT 
DAC 


FUNCTIONAL SPECIFICATIONS 
‘Transmitter Carrier Frequency—1800 Hz + 0.01% 


‘Echo Suppression and Answering Tone Frequencles—2100 
Hz + 0.01% or 2025 Hz + 0.01% 


Received Signal Frequency Tolerance—The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data Signaling and Modulation Rate—The normal signaling 
rate is 1200. baud + 0.01% and a data rate of 2400 bps + 


, 0.01%. The faliback signaling rate is 1200-baud + 0.01% and. 


a data rate of 1200 bps + 0.01%. 


Transmitted Data Spectrum—The transmitted spectrum’s 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
. characteristics fall within the limits specified in CCITT. Recom- 
mendation V.26 bis. The out-of-band ‘signal: power limitations 
meet those specified by Part 68 of Tariff 261 of the FCC’s reg- 
ulations and typically exceed the requirements of international 
regulatory bodies as well. 


REC 
osc. 
DIVIDER 


2400 BPS Modem 


” IANALOG VOLTAGE 


REF 


CARRIER 
DETECT 
CIRCUITRY 


DIGITAL 


_ RECEIVER 
_ DEVICE 
SAMPLE 

AND 

HOLD/DAC. 


MOS/LSI 


(11043) 


DECISION 
DEVICE 


MOSILSI 
(11044) 


DIAGNOSTICS 


INTERCHANGE A 


_-R24LL Functional Block Diagram 
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CIRCUITS 


syc 
RCVDS 
PE 





Data Encoding (DPSK)—At 2400 bps, differential 4-phase 
modulation is employed. The data stream to be transmitted 
divides into pairs of consecutive bits (dibits). Each dibit is encoded 


-as a phase change relative to the phase of the immediately pre- 


céding signal element. Two alternative. arrangements of coding 
are possible (in accordance with CCITT Recommendations V.26 
and V.26 bis) as shown in the following chart. 


Data Encoding . 


2400 BPS eS 
00 
o1 






wah | vaneieen for 








R24LL 





+180° 


o +90° 


7 +270° 
ALTERNATIVE A 







+225° +315° 


| 


“eference Line Signal Diagram (V.26 A&B) . 


45° = + 135° 
ALTERNATIVEB 1°? a6 








At 1200 bps, differential 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the immediately preceding. signal element. The 
encoding is in accordance with CCITT Recommendation V.26 
bis as shown in the following chart. 


Data Encoding 
1200 BPS 











PB | __—~Phaso Change 
+90° - , 
+270° 


’ Turn On Sequences—The transmitter of the R24LL can gen- 
erate a total of 13 selectable turn-on sequences, as shown in 
the following chart. , , 













Segment 1 Segment 2 


Continuous 
Scrambled! 
Ones 


Type of 
Line Signal 


: Tu m-On 


Sequence 


Number 





Continuous 
Unscrambled 
Ones 


0 ms 
OQ ms 
Q ms 
Q ms 
21.67 ms 
Ooms 
81.67 ms 
0 ms 
140 ms 
0 ms 
211.7 ms 
O ms 
791.7 ms 


=a oe . : 
WON H COON AAAWN ~ 











sequence. 


‘tion of: the R24LL and its associated turn-on sequence deter- 


“synchronizing scrambler/descrambler enabled by a discrete dig- 


Carrier Detect Transition - | -- 


Turn-On Sequences 
















Notes: 


1. See paragraph titled Scrambler/Descrambler for a description of scrambler/descrambler facility. 


2. For those turn-on sequences in which the scrambler is inserted, the transmitted line signal corresponds to a continuous “one”, :unscrambled, 
for 8.33 ms-ten baud (symbol) intervals, followed by the transmission of a continuous “one”, scrambled, for the remainder of the turn-on 















2400 BPS Modem 


Turn Off Sequence—When the transmitter has been sending 
data and. “Request-to-Send” is turned off, any remaining data 
bit information transmits within 6 milliseconds. 


Response Times of Clear-to-Send—The selected configura- 


mine the Clear-to-Send response times, as shown in the following 
chart. 


Scrambler/Descrambler—The A24LL incorporates a self- 
ital input. 

Carrier Detection—The R24LL contains a received line signal 
detector. This detector indicates the presence of energy at the 


receiver input above a certain threshold for a minimum amount 
of time. 


Carrier Detect Thresholds 


Recelved Level Carrier Detect 


Greater than —43 dBm On (line signal present) 
Less than —48 dBm Off (line signal-not present) 


Carrier Detect Response Time 















'’ Response Time 





Off-to-On 
On-t0-Off - 


























Total of 
Segments 1, 2 













Nominal Total Comments 


Turn On Sequence 
Time? 















0 ms 





























6.67 ms. 
8.33 ms 
30 ms V.26 
30 ms (scrambler inserted) 
90 ms V.26, V.26 bis 
90 ms (scrambler inserted) 
148.3 ms 
148.3 ms (scrambler inserted) 
220 ms V.26 bis 
220 ms (scrambler inserted) 
800 ms V.26 bis 
800 ms (scrambler inserted) 





10-94 





‘R24LL 





2400 BPS Modem 





Clear-To-Send Resnones Times 


Clear-To-Send 


Turon: aeeaees Times* 


Sequence 
Numpes 


switched carrier 

4-wire (BELL 201) 
switched carrier 
4-wire 


‘CCITT 4-wire 

CCITT 4-wire with , 
scrambler _ 

CCITT 2-wire 


CCITT 2-wire with 
scrambler 
switched carrier 
2-wire 


switched carrier 
2-wire with 
scrambler 


CCITT 2-wire 
echo protection 


switched 2- -wire 
echo protection with 
scrambler 


Pia 2-wire auto 
Pia 


CCITT 2-wire auto 
call with scrambler 





*The tolerance on-each Off-to-On and On- to-Off response 
time is (+.9, — -1) ms. 





Clamping Options—The following clamps are provided with 
the R24LL:, 


1. Received Data. The Received Data output is clamped to a 
mark when Carrier Detect is off. This action prevents distur- 
bances on the line from getting through the receiver: circuit 
to the data output. 


2. Carrier Detect Clamp. The Carrier Detect output is clamped 
off (squeiched) when Request-to-Send is on. An option 
extends this clamp for 148 milliseconds beyond transitioning- 
off, thus providing echo protection. 


3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any dis- 
turbances from propagating through the receiver circuit to the 
receive clock output. 
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Equalizer—The R24LL contains a fixed compromise delay 
equalizer which improves performance over the domestic 
switched network. The equalizer may optionally be positioned 
in the receiver .or removed. entirely by means.of a jumper plug. 
It has a nominally flat 0.0 dB amplitude response. 


Test Pattern Generation—The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled ‘and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 
be represented as a space for the duration ‘of an incorrect bit. 


Receive Level—The R24LL receives line signals from 0 to —43 
dBm. 


Transmit Timing—The R24LL generates a Transmit Clock with 
the following characteristics: Frequency—2400 Hz + 0.01% 
(1200 Hz + 0.01% in fall back mode), duty cycle—50 + 1%. 
The R24LL can also optionally track an External Transmit Clock 
supplied by the user. Both have similar characteristics. 


Receive Timing—The R24LL provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 +-1% 
duty cycle). The timing recovery function can track a + 0.01% 
frequency error in the associated transmit timing source. 


Secondary Channel—The R24LL provides the user sufficient 
flexibility to add an external secondary channel if desired. (A 
secondary channel is a data transmission channel having a 
lower signalling rate and occupying a different portion of the tel- 
ephone line bandwidth than the primary channel. The primary 
and secondary channels share the same transmission facility, 
the telephone line.) Additional receive filtering to allow simul- 
taneous operation of the secondary channel must be provided 
external to the R24LL. | 


Transmit Level—The transmitted output line signal level of the 
modem is —1.0 dBm + 1.0 dBm when the transmitter output is 
terminated with a 600 ohm resistor in series. This applies to all 
possible transmitted data patterns both at 2400 bps and 1200 
bps, as well as to answering tone generation. 


Answering Tone Generation—Thne R24LL can generate an 
answering tone at 2100 Hz + 0,01% or 2025 Hz + 0.01% 
(selectable) for 3.4 + 0:2 seconds under the contro! of an input 
logic signal (CAUTO). The R24LL also provides a digital output 
a QNA) indicating the conclusion of answering tone generation. 


New Syne—Pulsing the New Sync (NSYNC) digital input forces 
Carrier Detect Off and causes the R24LL to resynchronize rap- 
idly on sequences of incoming messages. This feature is nec- 
essary in some polling applications because the receiver 
maintains the timing information of the previous message for 
some time after it has ended—this may interfere with resyn- 
chronization on receipt of the next message from a different. 
remote. transmitter. “; 
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Fast Energy Detector—A received line signal detector; the fast 
energy detector’s output (RLSD) has the same threshold and 
hysteresis characteristics as the Carrier Detect. For RLSD the 
maximum turn-on time is 1.6 ms and the maximum turn-off time 
is 6.6 ms (both times for Equalizer not inserted). Furthermore, 
the RLSD output will respond to transient line conditions (no 
momentary dropout or momentary-on glitch protection). 





Baud Clocks—Symbol or baud timing is available. for both the 
transmitter and receiver functions. These signals have charac- 
teristics similar to the. data clocks’ except that their frequency 
is equal to the signalling rate (1200 Hz + 0.01%). Transitions 
on Transmitter Baud Clock and Receiver Baud Clock coincide 
with Off-to-On transitions of Transmit Clock and Receive Clock, 
respectively. For 2400 bps operation both baud clocks are low 
for the first data bit in a baud and high for the second data bit. 


Analog Loopback—The R24LL provides the flexibility to imple- 
ment a variety of analog loopback schemes using a minimum 
amount of external circuitry. 


Eye Pattern/Data Quality Detector—The R24LL outputs dig- 
ital signals (RCVDS, SYC, A) which the user can decode to 
generate a quadrature eye pattern. The eye pattern is a visual 
(oscilloscope) display showing the received signal as groupings 
of dots in.the baseband signal plane. It is useful as an incoming 
modem test and product evaluation tool and as an indication of 
a jine condition in actual operation (useful for some network 
control applications). 


The modem also outputs digital signals (PE, SYC, A) which the 
user can decode to generate a data signal quality detector. This 
indicates if a reasonable probability of errors is received on the 
data channel. 


CONFIGURATIONS 


The R24LL modem provides the user with a wide range of 
modem functional configurations. Some of the possibilities are 
described below. 


Half-Duplex (2-Wire)—In a half-duplex application, the user 
needs both transmit and receive capabilities (although not 
simultaneously) on a 2-wire connection. 


\f a hybrid (4-wire — 2-wire) transformer is not employed as a 
line interface device, REC IN would be strapped to T1 through 
an external resistor, the user perhaps selecting this resistor to 
produce a specific output impedance or to compensate for 
losses in any line interface circuitry. 


Digital interface connections. In a typical application, the user 
controls basic modem operation through the digital signats T103, 
T105, 7106, 7114, T104, T115, T109, and perhaps RBCK, 
7113, or TBC. (1113 is used if transmit timing is to be Jocked 
to the customer's clock; TBC may be employed to minimize cer- 
tain timing delays and is useful in some multiplexing operations). 
A number of digital inputs can either be fixed (tied directly and 
permanently to the +5V supply [high] or to signal ground or the 
—12V supply [low] in accordance with the specific requirements) 
or, if the user desires programmable flexibility, these signals can 
be interfaced with his equipment. Signals of this type include 
T111, V26A, 1, S8GR, K, Y, TCO6, 800MS, E, T2W/4W, CP04, 
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CP15, RW/4W, THO9, FSYC, TCO9, and PBS. If answerback 
or echo suppression tone generation capability is required, the 
input CAUTO (which should be strapped low if not used) and 
the output TONA are availabie. Implementation of the New Sync 
function requires any new sync pulses to be inputted to NSYNC. 
The outputs SYC, RCVDS, DCP, A, and PE can be used to gen- 
erate eye pattern and phase error diagnostic information. 


Analog interface connections. The GAIN-G1-G2 jumper (for 
threshold set selection) should be in the proper location as 
described in the table at the top of page 9. Note that input 
impedance at REC IN is a resistive 15.8K ohms. If a 600 ohm 
receiver input impedance is desired, an external resistor to 
signal grourid must be added. Take care when routing to REC 
IN (for low level receive signal) from any telephone interface 
circuitry. Also note that it is possible to insert the equalizer into 
the receiver or not to insert it by use of the jumper on the board. 
Implementation of a local analog loopback scheme could be 
achieved in many ways. If the line interface connection as 
shown in the diagram below is employed, the user can create 
a local analog loopback simply by deactivating squelch. To iso- 
late the telephone line during this loopback (no transmitted 
line signal), additional circuitry must be added. 


Full-Duplex—lIn a full-duplex application, the user needs both 
transmit and receive capabilities simultaneously. A 4-wire line 
connection is required. 


The only differences with half-duplex are that REC IN is no 
longer connected to T1 (the transmitter and receiver have inde- 
pendent transmission paths) and the squelch function would be 
deactivated (except during New Sync) by use of the input T2W/ 
AW. 


Digital interface connection is the same as for the half-dupiex. 


Analog interface connections. With the exception of the 4-wire 
line interface, analog interface connections are the same as 
half-duplex. Implementation of a variety of local or remote analog 
or digitat loopback schemes requires the addition of a minimal 
amount of external circuitry. 


TRANSMITTER 


RECEIVER 





EXTERNAL 
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TO LINE INTERFACE 
CIRCUITRY 


R24LL Half-Duplex Mode 





R24LL | 
INTERFACE CRITERIA 


The R24LL interface signals are classifled as digital interchange 
signals and analog signals. The signals interface to the modem 
user through the board edge connector. 








Digital Interchange Circults—The characteristics of the R24LL 
digital inputs and outputs are given in the following charts: 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


Low —12V (Vpp) to 0.8V sinking <10 2A 
High 


+4.0V (Vs — 1V) to +5.0V (Vgs) sourcing 
<10 pA 

The digital inputs are directly CMOS compatible. The capacitive 

loading on each input is 25 pF (maximum). 
























Low 0.0V to 0.4V (-0.4V to +0.4V for ALSD) 
High 
100 pA 


Digital Output Characteristics 
sinking 0.36 mA 
The digital outputs are directly CMOS or low-power Schottky TTL 


| Output Logic State Allowed Output Voltage Levels 
+4,0V (Vgg — 1V) to +5.0V (Vgs) sourcing 
compatible. : 





Digital Interchange Circuits 





Pin 
Term Number Deseription 

TONA P1-A5 Output indicating completion of 
answering tone. 

800MS P1-A6 — Input affecting Clear-to-Send re- 
sponse time. 

TCO6 P1-A7 Input affecting Clear-to-Send re- 
sponse tire. 

K P1-A8 — Input affecting Ready-for-Sending 
response time. 

x P1-A9 Input affecting T109 Squelch. 

CAUTO P1-A10 = Input initiation transmission of an- 

_ Swering tone. 
New Sync (NSYNC) P1-A13 = Input affecting T109 Squelch. 


CLAMP 


Fast Energy 
Detector (RLSD) 
Fast Syne (RSYC) 


P1-A15 = Input forcing squelch of T109. 
P1-A17 ' Input generating T109. 


P1-A18 (nput determining whether fast 
syne feature (fast resynchroniza- 
tion upon recovery of received line 
Signal following momentary drop- 
out) is enabied. 

Input determining whether the 
modulo 8 pattern guard will be in- 
corporated into the scrambler 
facility. 


S8GR P1-A19 


DCP 


R2w/4w 


Receiver Baud Clock 


(RBCK) 
PBS 


THO9 


Transmitted Data 


(7103) 


Clear-to-Send or 
Ready-for-Sending 
(1106) 


Data Signalling Rate 


Selector (1111) 


Receive Clock 
(7115) 

E 

T2W/4W 

Y 


Transmitter Baud 
Clock (TBC) 
A 


V26A/B 


CP15 


RACVDS 
SYC 
PE 


TCoS 


CP04 
External Transmit 
Clock (1113) 


Request-to-Send 
(T105) 

Received Data 
(1104) 

Transmit Clock 


(1114) 


Carrier Detect 


(T109) 


P1-A21 


P1-A22 
P1-A23 
P1-A24 
P1-A25 
P1-A29 


P1-A30 
P1-A32 


P1-A33 
P1-B6. 
P1-B7 
P1-B8 


P1-B10 


P1-B11 


P1-B15 


P1-B18 


Pi-B19 


P71-B20 


P1-B21 
P1-B22 
P1-B23 
P1-B24 
P1-B25 
P1-B29 
P1-B30 
P1-B31 


P1-B33 


P1-B24 
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Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 
Input affecting state of THRH 
output. , 


For 2400 bps operation. 


Input determining T109 On-to-Off 
response time. 

Input affecting state of THRH 
output. 

Input for digital data to be 
transmitted. 

Output indicating readiness to ac- 
cept data for transmission. 


Input determining whether trans- 
mitted data rate is 2400 bps or 
1200 bps. 

Output providing received signal 
element timing information. 

Inputs affecting Clear-to-Send re- 
sponse time and T1109 Squelch. 
Input affecting Ready-for-Sending 
response time and answering tone 
frequency. 

Output baud clock (1200 Hz). 


Digital output enabling user to 
generate aye pattern and phase 
error diagnostic information. 

Input determining whether scram- 
bler is to be inserted. 

Output used in conjunction with 
carrier detect circuitry to imple- 
ment T109 threshold set select 
function. 

Input selecting dibit encoding at 
2400 bps operation as per V.26 
Alternate A or V.26 Alternate B. 
Input selecting optional clamping 
of Receive Clock (T7115), 

Digitat outputs enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input determining T109 Off-to-On 
response time. 

Input determining T104 damping. 
Input providing modem with trans- 
mitted signal element timing 
information. 

Input to transmitter. 


Digital:data output from modem 
receiver. 

Output providing user with trans- 
mitted signal element timing 
information. 

Output indicating presence of sig- 
nal energy on receiver line. — 





The following P1 connector pin locations should be left open and unconnected: 
A4, A11, A12, A14, A16, A20, A35, B1, 812, B13, B14, B17, B32, and B35. 
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Data Structure Tone Generation 


ee 


CAUTO Y TONA 
(P1-A10) (P1-B8) (P1-A5) Transmitted Signal 


Don’t Care ‘| Normal Operation 

High 2100 Hz Answering Tone 
Low 2025 Hz Answering Tone 
Don't Care Low Normal Operation 








Data Signalling Data Structure 
Rate Selector V26 A/B 


(P1-A32) (P1-B19) 














2400 bps Alternate A 
2400 bps V.26 Alternate B 
(Bell 201C) 

1200 bps 








Selection of Clear-To-Send Response Times 


Clear-To-Send 
Response Times 
(ms) 





Turn-On T2wW/4w ! 
Sequence (P1-B7) 


Don't Care | Don't Care | High Don't Care 
Low High High Don't Care 
Low Low High Don't Care 
Low Don’t Care | High Don't Care 
Don't Care | High Low Low 

High High High Don't Care 
Don't Care | High Low Low 

High High High Don't Care- 
Don't Care | Don't Care | Low Don't Care 
Don't Care | Don’t Care | Don’t Care Don't Care 
High Low Don’t Care Don't Care 
Don’t Care |} Don't Care | Low High 

Don't Care | Low Low Don't Care 
High Low Don't Care Don't Care 
Don't Care | Don’t Care | Low - High 

Don’t Care | Low Low Don't Care 
Don't Care | Don't Care } Don’t Care Don't Care 
Don't Care | Don’t Care | Don't Care Don't Care 


CHOUOANDAAGT AWN — 


Oon0gococaca 0c e900 0ce0c0CcCoCcoo°o 





- Note: The tolerance on each Off-to-On and On-to-Off response time is (+0.9, —0.1 ms). 








Carrier Detect Squelch 





Inputs 


ToW/4aw E 7105 NSYNC Squelch Status 
(P1-B7) (P1-B6) (P1-B30) (P1-A13) 


Don’t Care Don't Care Don't Care Don’t Care Squelch 

Don't Care High Don't Care Don't Care No Squelch 

Low Low Don't Care Don’t Care No Squelch 

High Low Don’t Care High Squelch 

High Low High High-Low Extended Squelch 
High Low Low High—>Low No Extended Squelch 





Notes: 


“Squelch” means that Carrier Detect (T 109) is clamped off regardless of the level of received tine signal. During squelch, CLAMP 
(T-13) is a low impedance to ground. For normal operation (no squelch) CLAMP (T-13) is in a high impedance (‘open drain’) 
state. 


When “extended squelch’ is enabled, squelch occurs both when Request-to-Send {7105) is On (High) and for 148.3 ms (+0.9, 
—0.1 ms) following the On-to-Off (High to Low) transition of T105. 
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Carrier Detect Threshold Selection 


Selected 
Threshold Set 
High Impedance G1. 
High Impedance G2. 


—43 dBm, —48 dBm 
—33 dBm, —38 dm 
Low impedance —26 dBm, —31 dBm 
to ground 


G1 or Ge 


Gain must be shorted to either G1 or G2. 





THRH Operation 












ae ee 


High ‘Impedance ~ 
High Impedance 
High Impedance 
Low Impedance 






THRH is an open-drain driver representing either a low imped: 
ance to ground (<500 ohms) or a very high inipedance state. . | 


Bisarbler Describe oF 


| 
_ Scrambler/Descrambler .. 


_ S8GR Configuration 
(P1- oie (P1-A19) | . ; 
Low ~ Don’t Care |. 
High Low 


No. Scrambler 

Scrambler V.27 bis, ter 

(modulo 8 pattern guard) 

High | High en modulo 8 pattern guard) 
Analog Interface Circults—The analog interface circuits of the 
R24LL defined in the following chart’ provide the power, the 

_ switched © network connections, and a means for the user: to 

monitor the’ incoming line signals. 


Analog Interface Circuits 


Description 
P1-B5, B9 _+12V Power ‘Supply 
P1-A1 . ~12V Power Supply: ~ 
P1-A2, B2 +5V Power Supply 


P1-A3, A31, B3 | Ground (signal and power | 


return) . 
P1-Ad4 Ti is the low ee 
-| transmitter analog output (line 
signal). The’ ¥1 allows the 
user the flexibility needed to |. 
customize his output imped- 


ance’ (to. compensate for: 


transformer losses, for in- 

- stance). 

Secondary channel input 

; from the DTE. ; 

REC IN - Receive fitter input. Input 
Impedance is a resistive 15.8. 
K ohms + 1%. 


SECONDARY IN 





‘Audio Interface—The audio interface includes the R24LL's. - 


interface with the transmission network. 





The receiver and transmitter line interfaces are " single-ended 
{non-transformer coupled) ‘signals: with the following. charac- 
teristics: 


Transmitter Voice Frequency Output T1 
1. Output Impedance: Impedance of Op-Amp 


2.. Maximum Output Level: <0.0 dBm as measured-per the fol- 
lowing diagram using a true RMS 
meter. 


Low Pass : 
FILTER 






. Receiver Voice Frequency input REC IN 


1. Input Impedance: 15.8K ohms + 1% resistive 
2. Maximum Input Level: <0.0 dBm 


The output level at the R24LL line interface is less than —60_ 
dBm in the frequency band of 1 Hz to 12 Hz when the’ modem, 

is not transmitting, A period of 100 milliseconds is required for’ 
the line interfaces to stablize lenin power. turn- on: 

Low impedance voice frequency output T1 satisties applications 

interfacing with lossy transformers or hybrids. The characteris- 

tics of T1 output are: 


a. Output Impedance: Essentially zero ohms when loaded to 
ground with greater than. 400° ohms 
(resistive). This-is a direct‘output from an 
operational amplifier. 


b. Minimum Load: => 400 ohms (resistive) as measured between 
T1 and signal ground. 


PERFORMANCE DATA 


The R24LL i is a high performance syrichronous 2400: bps: DPSK 


‘modem. It utilizes a coherent demodulation technique to achieve 
reliable. operation over the switched: network or unconditioned 


lines. 


Timing. Jitter—The maximurn steady state timing jitter - of 
Received Clock with respect to Transmit:Ciock is less than 10% 
PP for an input signal-to- noise’ ratio:of 12. dB. 


Bit Error Rate—The following graph represents: typical R24LL 
performance. 
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COCOA 


1 12 13°14 
SIGNAL TO NOISE RATIO (DB) 


on 


’ 1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 

2. 2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER 
NO EQUALIZER — 

3. 2400 BPS, V.26A OR B, 15°-150 HZ PHASE JITTER, NO 

. SCRAMBLER, NO EQUALIZER 

4. 2400 BPS, V.26A OR B, 30°-120 HZ PHASE JITTER, NO 
SCRAMBLER, NO EQUALIZER 

5. 2400 BPS, V.26A OR B, 3002 UNCONDITIONED LINE, 

NO SCRAMBLER, EQUALIZER 


Typical Bit Error Rate Performance 


Phase Error—Phase error can be measured with the modem’s 
output signals PE, SYC, and A. With an external test circuit, a 
numerical value can be derived to Indicate the quality of received 
data and then directly corretated to bit error rate performance. 


The required test circuit can be implemented with discrete cir-- 


cuitry or in software within a microcomputer. 


Eye Pattern—By using the modem's digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye.pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane: it is a graphic representation of modem 
performance. 


2400 BPS Modem 





DISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS 





DISPERSION AROUND 
CIRCLE REPRESENTS PROPER POSITION DUE 
PROPER POSITION OF TO COMBINATION OF 
HIGH QUALITY SIGNAL RANDOM NOISE, PHASE 


ERROR, AND/OR GAIN 
ERROR. 


Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A) 


Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


RECOMMENDED MATING CONNECTORS 


The R24LL connector mating contacts are not gold covered; 
therefore, a high quality gas-tight card edge connector should 
always be used fo maintain reliable operation. Rockwell rec- 
ommends the following in order of preference: 


1. Burndy GTBH Series 
2. Continental 6100-200 Series 
3. Elco 00-6307 Series 


POWER REQUIREMENTS 


Maximum 
Voltage Ripple Current 


+5 VDC + 5% 
+12 VDC + 5% 
—12 VDC + 5% 


100 mV p-p 
50 mV p-p 
50 mV p-p 





ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 0°C to 60°C 

Storage Temperature: —40°C to +80°C 

Relative Humidity: to 90% (non-condensing) or a wet bulb tem- 
_ perature up to 365°C, whichever is less. 

Altitude: —200 to 10,000 feet (—61 meters to 3,049 meters) 
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INTRODUCTION 


The Rockwell R24 Is a high ‘performance synchronous serial 
2400 bps DPSK modem... Utilizing extensive MOS/LS! 
technology, the R24 is implemented in three modular building 
blocks. It is innovatively designed to enable its economic integra- 
tion by System designers in'a broad range of communication, 
computer, and control equipment... 


-Having Bell 201 B/C and CCITT V.26 compatibility, the modular 

R24 offers the user sufficient flexibility to customize a 2400 bps 
-modem to his specific packaging and functional requirements. 
With a minimum amount of interface-circuitry, the modem can 
be configured for operation on leased lines or on the general 
switched network. 


MODULE VERSATILITY... 


The versatility of the R24 design is achieved by dividing the 
modem's ; functions into three modules: 


Transmitter — Module T 
Receiver — Modules R141 and. Re 


Each module can be plugged into , standard connectors or can 
be wave soldered on one or more printed circuit boards’ The 
pin spacing is on 100 mil centers. Modem modules are func- 
tionally independent. 


MODEM OPERATION MODES: 


In general, the modules can be configured to operate-in the 
following modes: ~ 


Simplex — Transmit only: Only the transmitter module (T) is 
used. 


Simplex — Receive only:. R1 and R2 modules are used to 
- implement a complete réceiver 
function. 
Half Duplex (2-Wire): Requires both transmit and receive 
functions (although not simul- 
taneously), therefore, all three 
modules are used. 


Requires both transmit and receive 
functions simultaneously, again all 
three modules are used. 


Fult Duplex (4-Wiré):” 





R24 
Integral Modems: 


R24 


2400 BPS INTEGRAL MODEM 


FEATURES: 


LSI high density; low power: 

2400/1200 bps modes 
Transmitter-Differential phase shift keying 
Receiver-Coherent phase detection 

Bell 201 B/C, CCITT V.26 compatible 
CCITT A/B encoding options 

Operating modes: 

Half duplex (2 wire) 

Fuli duplex (4 wire) 

Simplex (Transmit or Receive only) 
Outstanding performance over unconditioned lines 
LSTTL/CMOS compatible digital interface 
Fixed compromise equalizer. 

N27 compatible scrambler/descrambler 

Answer-back tone generation: 

Clear-to-send delay options _ 

New sync option provides rapid resynchronization 

Typical power consumption 2 watts 

Total module area 25 sq. in. 

R24 Modem Evaluation Board facilitates evaluation and 
design-in tasks. & 


24 Integral. Modem 
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MODULE R24-R1 


RECEIVE 


AN. : 
ae BAND-PASS FILTER 


— —_ 
MOOULE R24-R2 


*VReEF 


SAMPLE AND 
HOLD/DAC ~ 


RECEIVER 


| DECISIO A> 
xtaLL—— receiver 9 RR OEE: es 
a “| OSCILLATOR = —. ; 


* MODULE R24-T 


ATTENUATOR 


ANALOG I 


TRANSMITTER 


CONTROL 


INTERCONNECT 


__} COMPROMISE 
‘TT EQUALIZER 


RECEIVER 
DEVICE 


INTERCONNECT 
CARRIER 
DETECTOR 
AUTOMATIC 
GAIN CONTROL 


MOS/LSI 


TRANSMITTER 
} LOW PASS © 
FILTER 


CONTROL 


MOS/LSI DATA | 


_ TRANSMITTER 
DAC K-——T . 
TRANSMITTER 
| xrat [J -OSCILLATOA 


DATA 


MOS/LS| AS, CONTROL 


INTERCONNECT 





R24 Functional Diagram 


TECHNICAL DESCRIPTION 


Transmitter carrier frequency — 1800 Hz +0.01% 


Echo suppression and answer tone frequencies —.2100 Hz 
+0.01% or 2025 Hz +0.01% 


Received signal frequency tolerance — The receiver can 
-adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data signaling and modulation rate: 


Signaling Rate ~— 1200 baud +0.01%. 
Data Rate — 2400 bps +0.01%. . 

2) Fallback: Signaling Rate — 1200 baud +0.01%. 
Data Rate — 1200 bps +0.01%. 


1) Normal: 


Transmitted Data Spectrum — The transmitted spectrum’s 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The-out-of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC's regula- 
tions, and typically exceed the requirements of international 
regulatory bodies as well. . pe 


Data Encoding (DPSK) — At 2400 bps, differential four-phase 
modulation is used. The data stream is transmitted in pairs of 
consecutive bits (dibits). Each dibit is encoded as a phase 
change relative to the phase of the preceding signal element. 


The R24 implements the phase A and B recommendations of 
CCITT V.26. The modulation coding in Bell 201 modems is the 
same as V.26B. Definition of these coding arrangements is 
shown in the following table: 
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2400 BPS 
DIBIT - PHASE CHANGE 
[26a V.268/Bet 201 
00 





ALTERNATIVE A | 


hi +90° 


ALTERNATIVE B ,,.°. 


a | ; 


Line Signat Diagram (V.26 A & 8) 


At 1200 bps, differential two-phase modulation is used. Each 
bit is transmitted at a relative phase change to preceding signal 
element in acordance with CCITT V.26 bis. 


1200 BPS 





Turn On Sequences — A total of twelve selectable turn on 
sequences can be generated by the transmitter module. 


Turn Off Sequence — When the transmitter has been sending 
data and '‘Request to Send” is turned off, any remaining data 
bit information is transmitted within 6 milliseconds. 
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Ready for Sending (T106) Response Times — These response 
times are determined by the modem configuration selected and 
its associated turn on sequence. 


Turn On 
Sequence 
Number 


Ready for Sending 
Response 
Time 


Configuration and 
Carrier Type 





6.67 msec Switched Carrier — 4-Wire 


(Bell 201) 

Switched Carrier — 4-Wire 
CCITT — 4-Wire 

CCITT — 4-Wire with Scrambler 
CCITT — 2-Wire 

CCITT — 2-Wire with Scrambler 
Switched Carrier — 2-Wire 


8.33 msec 
30 msec 
30 msec 
90 msec 
90 msec 
148.3 msec 


148.3 msec Switched Carrier — 2-Wire with 


Scrambler 

CCITT — 2-Wire Echo Protection 
Switched 2-Wire Echo Protection 
with Scrambler 

CCITT — 2-Wire Auto Call 


CCITT — 2-Wire Auto Call with 
Scrambler 


Response Time tolerance (+ 0.9, -0.1) msec 


Scrambler/Descrambler — As a selectable option, the scrambler/ 
descrambler may be inserted into the transmitter/receiver path. 
The purpose of this scrambler is to ensure that the line signal 
will evenly span the allocated bandwidth. This minimizes pat- 
tern sensitivity problems arising from simple fixed and periodic 
data sequences. The scrambler is V.27 or V.27 bis/ter compatible. 


220 msec 
220 msec 


800 msec 
800 msec 





Carrier Detect (T109) — The modem receiver incorporates a 
line signal energy detector whose output responds to three selec- 
table threshold levels. 


Set 1 (V.26 bis, switched Greater than -43 dBm = ON 
network) Less than -48 dBm = OFF 
Set 2 (V.26 bis, switched Greater than -33 dBm = ON 
network) Less than -38 dBm ss = OFF 
Set 3 (V.26, leased line) Greater than -26 dBm = ON 
Less than -31 dBm = OFF 


Selectable T109 Response Times — This time is defined as 
the interval between the sudden connection or removal of the 
received line signal to the modems receive filter, and the subse- 
quent transition of Carrier Detect (T109) from one state to the 
other. , 


Carrier Detect 


Transition Response Time 





OFF to ON 
(connection) 


641ms 
yee } Selectable 
ON to OFF 
(removal} 


843 ms 
22 +3 ms 


: Selectable 





Receive Level — The modem receives line signals from 0 to 
-43 dBm. 
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Transmit Timing — The modem generates a Transmit Clock 
(T114) having the following characteristics: Frequency — 
2400 Hz +0.1% (1200 Hz + .01% in fallback mode), duty cycle 
— 50 +1%. The modem is also optionally capable of tracking 
an External Transmit Clock (1113) supplied by the modem user. 
7113 has similar characteristics to T1414. 


Receive Timing (T115) — The modem provides a data derived 
“Receive Clock” output in the form of a nominal squarewave 
(50 +1% duty cycle). The modem timing recovery function is 
capable of tracking a +.0.01% frequency error in the associated 
transmit timing source. 


Transmitter Output Levels — This output can be strap con- 
trolled in 2 +0.2 dB steps from -t dBm +1 dB to -15 dBm 
+1 dB. 


Answer Tone Generation — The modem generates a selec- 
table answering tone of 2100 Hz + 0.01% or 2025 Hz 40.01%. 
The 2100 Hz tone meets CCITT Recommendations G.161 and 
V.25, and the 2025 Hz tone meets Bell System requiremenis 
for both answering tone and echo suppressor disabling tone. 


Equalizer — As a strap option, the modem contains a fixed com- 
promise delay equalizer which can be used to improve perfor- 
mance over unconditioned schedule 3002 lines. This option is 
normally positioned in the receiver, but it can be repositioned 
in the transmitter or bypassed entirely. {t is designed to com- 
pensate for the mean of the range of group delay distortions 
generally encountered in the United States. Its amplitude 
response is nominally flat at 0.0 dB. 


Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and 
transmitted as a pseudo-random signal to be descrambled at 
the receiver back to the constant mark. A transmission error 
would be represented as a space for the duration of an incor- 
rect bit. 


Multipoll Synchronization — The ‘‘new sync” (NSYNC) digital 
input can be pulsed to cause rapid resynchronization of the 
receiver for sequences of incoming messages. This feature is 
necessary in some polling applications. However, if the uSer’s 
hardware/software does not support the use of ‘new sync” 
(NSYNC), then the optional ‘fast sync’”’ (FSYNC) can be utilized 
to enable a fast resynchronization procedure. 


Selectable Clamping Options — 


1} Received Data (T104) — This output is clamped to a selec- 
table constant (space or mark) when “‘Carrier Detect’’ is off, 
to prevent disturbances on the line from getting through the 
receiver to the data output. 


2) Carrier Detect (T109) Clamp — This output may be clamped 
OFF (squelched) in a 2-wire applications during the time when 
“Request to Send” (T105) is on. An additional option extends 
this clamp for 148 msec beyond T105 transitioning off, pro- 
viding echo protection. 


3) Receive Clock (1115) — This clock output can be clamped 
OFF when ‘Carrier Detect’ is off, thereby preventing any 
disturbances from propagating through the receiver to the 
receive clock output. 








R24 


2400 bps Integral Modem 





SYSTEM DESIGN 


The R24 modem modules provide the user with sufficient flexibility 
to implement a wide range of madem functional configurations. 
This flexibility is achieved by digital control at the module inter- 
faces. For a given application, such as a lease network V.26 
Alternative B modem (Bell 201B), the complexity of the user inter- 
face can be significantly reduced by strapping those data inter- 
face inputs which do not change. The modem interface can also 
be under software control. 


Figures 1 and 2 show the basic interface connections for the 
transmitter module (T) and the receiver modules (R1,R2). These 
diagrams are applicable for any operation mode of the modem- 
simplex, half-duplex, or full-duplex. 


COMMON MODEM DIGITAL 
CONTROLS 


V26A 
t 


+5V +12V -12V COM SEGA 
NSYNC 
CLAMP 
ANALOG 

= TRANSMITTER 


DIGITAL CONTROLS 
CAUTO 
TONA 
TBC 


TRANSMITTER (T} 


2 
DIGITAL TRAWIAW 
INTERCHANGE 
T103 
T105 
T106 
T1i1 
TH13 
Tit4 


LEVEL CONTROL 


TIN 
- 1dBm 
— 3¢dBm 
- 5d8m 
- 7dBm 
~ 9dBm 
- 11dBm 
- 13dBm 
— 19d8m 


Figure 1. Transmitter Interfaces 


+12v -12v COM 


DIGITAL 
INTERCHANGE 
104 
T111 
T4116 
COMMON MODEM 
DIGITAL CONTROLS 
V26A 
DiaGnosTics 
SVC S8GR 
RCVOS NSYNC 
oce CLAMP 
A 
PE 


RECEIVER RBCK 

DIGITAL 

CONTROLS 

R2wiaw RECEIVER (Re) 
THOS 
Pes 

CPO4 
CP15 

FSYC 





+8V+12V-12V COM age 
OUT 


IANALOG 


Figure 2. Receiver interconnection 


MODEM OPERATION — 
HALF OR FULL-DUPLEX 


Figure 3 indicates the module interconnections necessary for 
half-duplex operation. For full-duplex operation, the transmitter/ 
receiver interconnections are similar to the half-duplex case with 
the exception that ‘REC IN” is not connected to T2 or T1. In 
full-duplex operations, the transmission and receiver paths are 
independent. 
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As shown, a transformer is sufficient to connect directly to a 
leased line in the U.S. For the switched network, registered pro- 
tective circuitry or a data access arrangement (DAA) is generally 
required. Rockwell offers an FCC registered protective circuitry 
product to support this application. Requirements for line inter- 
face and protective circuitry vary internationally. 


TO LEASEO DIAGNOSTICS 
LINE OR 

TO SWITCHED 
NETWORK 
PROTECTIVE 
CIRCUITRY 


RECEIVER 
CONTROL 


OATA (T104) 
V26A 
T111 COMMON 


a 


MODEM 
CONTROL 


S8GA 
[ 
NSYNC 


TRANSMITTER 
CONTROL 


DATA (T103) 


TRANSMITTER (7) 


OPTIONAL 
RESISTOR 


Figure 3. Transmitter-Receiver Interconnection (Half 


Duplex) 


Secondary Channel — The modem modules provide the user 
with all the interface connections needed to add an external 
secondary channel if required. This data transmission channel 
would operate at a lower rate, and in a different portion of the 
available bandwidth than the primary. Additional external receive 
filtering would also have to be added to allow simultaneous 
operation of the primary and secondary channels. 


Analog and Digital Loopback — To check out or diagnose the 
communication link, loopback testing is often performed. A test 
word is transmitted and ‘‘tooped’’ back to the originating DTE. 
Typical types of loopback tests are: 


GQ) LOCAL DIGITAL (3) REMOTE ANALOG 


REMOTE DIGITAL 


(2) LOCAL ANALOG 


COMMUNICATION 
CHANNEL 


DTE — Data Terminal Equipment 

The modem modules provide the user with all the necessary inter- 
faces connections to implement almost any loopback scheme 
desired, With a minimum amount of external circuitry, loopback 
testing can be controlled via a communications adapter/software 
approach or manually. For local analog, remote analog and 
remote digital loopback, the V.27 scrambler within the modem 
can be used to generate a 127-bit word. 
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INTERFACE DESCRIPTION 


STANDARD DIGITAL INTERCHANGE 





erm 
(CCITT V.24 EIA RS232C __ Module intertace 


Equivatent) Equivalent input utpu’ Description 

T103 BA T-9 Transmitted Data 

T104 BB R2-5 Aeceived Data 

T105 CA T-8 Request to Send 

T106 CB T-6 Ready for Sending 
(Clear to Send) 

T109 CF R1-4 R2-22 Data Channel Received Line 
Signal Detector (Carrier Detect) 

Ti11 CH T-12, Data Signalling Rate Selector 

R2-9 Selects 2400 bps or 1200 bps 

Mode 

T1113 DA T-7 External Transmit Clock 
(Transmitted Signal Element 
Timing) 

7114 DB T-10 Transmit Clock (Transmitted 
Signal Element Timing) 

7115 DD R2-6 Receive Clock (Receive Signal 


Element Timing) 


ANALOG LINE INTERFACES 
Module Interface 





Term ~ Input Oulput Description 
RECIN R1-12 Analog Line Signal Input (Receive Filter 
Input) 
T1 TA Low Impedance Transmitter Output 
T2 T-2 Standard Transmitter Output 600 ohms 


Impedance 


COMMON MODEM DIGITAL CONTROLS 





Module Interface 
Term nput jutput Description 
VA 6 Selects V.26A or V.26B Dibit Encoding 
{ { T-15 
ae ne Controls for Scramble Operation 
S8GR {ppt 
NSYNC 1-14 Controls T109 to Force Rapid 
R2-11 Resynchronization of the Receiver 
CLAMP A2-10 T-13 Implements Squelch for Carrier Detect 
(T109) 


TRANSMITTER DIGITAL CONTROLS 
Module Interface 


Term inpu uipu Description 
CAUTO T-3 Initlates Answer Tone’ 
TONA T-5 Indicates Completion of Transmission 
of Answer Tone 
TAC T-4 = Transmitter Baud Clock 
Z T-28 Input Forcing Transmit Clock (T114) to 
Phase and Frequency Lock to External 
Transmit Clock (T1123) 
T2Wi4w OT --114 inputs Affecting Ready for Sending 
x T-24 Response Times, Answer Tone Frequency 
K T-25 and Carrier Detect (T1089) Squelch 
Y T-26 
TCO6 T-27 
800MS T-29 
E T-30 
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TRANSMITTER ANALOG CONTROLS 


Module Intertace : 


Term Rnpw jutput Oescription 
DAC OUT T-22 Output of Digital to Analog Converter 
TFIL T-23 Input to Low Pass Filter. DAC OUT is 
Normally Connected to TFIL Uniass 
Additional Filiering or an Equalizer is. to be 
Inserted. 

TIN T-31 These Nine Signals Implement ihe 
-—1dBm T-39 Transmitter Output Level Attenuator. One of 
-3dBm T-38 the Signals -1dBm,..., —15dBmis 
- 5dBm T-37 Strapped to TIN to Set the Desired Output 
~7dBm T-36 Level. 

— 9dBm T-35 
—11d8m T-34 
—13dBm T-33 
~15dBm T-32 


RECEIVER DIGITAL CONTROLS 


Module interlace 
Term Input Outpui Description 


ABCK R1-1 R2-25 Receiver Baud Clock 

RLSO R2-24 R1-2 | Control Signals to Generate Carrier Detect 

THRH R1-3 R2-23 ¢ (1109) and Implement T109 Threshold Set 

R2WIAW OR2-8 Select Function 

THOS R2-18 

TCco9 R2-15 Determines Carrier Detect (T109) Off-to-On 
Response 

PBs R2-16 Determines Carrier Detect (T109) On-to-Off 
Response 

CP04 R2-17 Clamps Received Data (T104) to a mark 
or space when Carrier Detect (1109) is Off 

CP15 R2-19 Optional Clamping of Received Clock (7115) 

FSYC R2-20 Fast Sync Optional Fast Resynchronization 


Procedure 


RECEIVER DIGITAL DIAGNOSTICS 


Module interlace 
Term input utput 


Description 


syc R2-1 Digital Outputs which Enable User to 
RCVDS R2-2 Generate Eye Pattern and Phase Error 
DCP RA2-4 — Information 
A R2-3 
PE R2-7 


RECEIVER ANALOG CONTROLS 
Module interface 
Term Input utput 


REC OUT f1-7 





Oescription 


Receive Filter Ouput 


EQIN R1-8 Equalizer Input 
EQOUT A1-6 Equalizer Output 
ALSDIN R1-5 Carrier Detect Circultry Input 
AGCIN R2-21 Automatic Gain Control Circuitry Input 
AGC OUT R2-26 Automatic Gain Control Circuitry Output 





GAIN R1-10 | Optional Carrier Detect (7109) Threshold 
Gi R1-11 Selection Controls 
G2 R1-9 


(ANALOG R2.27 Sample and Hold Circuitry Input 
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R24 


2400 bps Integral Modem 





MODEM PERFORMANCE 


The R24 is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
tines. This section contains a quantitative discussion of the R24’s 
typical performance under varying test conditions. 


Timing Jitter — The maximum steady state timing jitter of 
“receive clock” with respect to “transmit clock’’ is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 


Bit Error Rate — The following graph represents typical R24 
performance: 





















































BIT ERROR RATE 
































6 7 & 9 10 abl 
SIGNAL TO NOISE RATIO (DB) 


1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 

2400 BPS, V.264 OA B, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 

2400 BPS, V,264 GR B, 159-160 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
2400 BPS, V.26A OF B, 309-120 HZ PHASE JITTEA, NO SCRAMALEA, NO EQUALIZER 
2400 PES, V.264 OR B, 3002 UNCONDITIONED LINE, NO SCRAMBLER, EQUALIZER 


Typical BH Rate Performance 





Phase Error — Phase error can be measured by using the 
moderm’s output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 
RCVDC, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pattern 
displays the received signal as a group of dots in the baseband 
signal plane; hence, it is a graphic representation of modem 
performance. 
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OISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 


CIACLE REPRESENTS 
PROPER POSITION OF 


HIGH QUALITY SIGNAL ERROR, AND/OR GAIN 


ERAOR. 


Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A) 
Phase error and eye pattern can be extremely useful for modem 


acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


ELECTRICAL CHARACTERISTICS 
POWER REQUIREMENTS 


Maximum 
Current 


Vol tage 





+5 Vde +5% 
+12 Vode +5% 
-12 Vde +5% 


+12 Vde +5% 
-12 Vde +5% 


+5 Vde +5% 
+12 Vdc +5% 
-12 Vde +5% 








Maximum total power consumption approximately 3 watts. 
Typical total power consumption approximately 2 watts. 


DIGITAL INTERFACE 
The R24 provides LS TTL or CMOS compatible logic levels that 
are functionally equivalent to EIA RS232/449 and CCITT V.24. 





Allowed Input Voltage Levels 





-12.0V to +0.8V Sinking <i0 uA 
+4.0V to +5.0V Sourcing <10 WA 


Digital inputs are directly CMOS compatible. Interfacing with 
standard TTL or low-power Schottky TTL requires an external 
pull-up resistor. 


Output 
Logic 





Allowed Output Voltage Levels 





0.0V to +0.4V Sinking 0.36 mA 
+ 4.0V to + §.0V Sourcing 100 pA 





Low 
High 


Digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 





R24 





TRANSMISSION LINE INTERFACE 


The R24 provides an analog interface that must generally be 
transformer coupled to ensure normal telephone line isolation. 
Through appropriate selection of transformers and other inter- 
face circuitry, the R24 can be configured to operate on Jeased 
or dial-up telephone lines, or on other special private networks. 
For the dial-up interface, Rockwell offers an FCC registered 
module that allows direct connection to this network. For the 
leased line interface, only transformers with characteristics 
similar to those utilized on the R24 modem evaluation board are 
required for this connection. 


The receiver and transmitter Jine interfaces are single-ended 
-(non-transformer coupled) signals. with the following 
characteristics: a . 


Transmitter Output (Normal) 


Output Impedance: 600 ohms +2% 
Maximum output level: <0.0 dBm 


Transmitter Output (Alternate) Low Impedance: 


Output Impedance: 0 ohms (op amp output) 
Maximum output level = +6.0 dB 


Note: This output for transformer loss compensation. 
Receiver Input: 


Input impedance: 15.8K ohms +1% 
Maximum Input Level: 0.0 dBm 


MECHANICAL SPECIFICATIONS 


-300 MAX, 
(COMPONENTS) 


100 
2.75 + .O3 ogg * 007 


MAX, 
(LEAD PROTECTION) 


NOTE: This cross-section is common to all modules. 





10-107 





400 bps Integral Modem 


(17) SAGR -12V (18) 
{16) V26A + 12V (18) 
(15) 1 *. COM (20) 
(14) NSYNC +5V (21) 
{13):CLAMP DAC OUT (22) 
TFIL (23) 
x (24) 

K (25) ; 

¥ (26) | 
TCO (27) 
_ 2 (28) 
BOOMS (29) 
E (30) 
TIN (31) 
-15d8m (32) 
-13d8m (33) 
-11dBrm (34) 
-9dBm (35) 
-7d8m (36) 
=5dBm (37) 
-3d8m (3B) 
-1d8m (33) 


( 
( 
( 73 
( 
(, 
( 
( 
( 
{ 


025 (.64) SQ. PIN 
39 PLACES 


G2( 9) 
GAIN (10) 
_,G111) 4 

REC IN (12) 


(8) EO. IN 
2 He OUT 
(6) EQ OUT 4.900 
5) RLSD IN : 

al Thos. (48.26) 


“(1) RBCK 





-12V (13) 
+12V (14) 
COM (15) 


.025 (.64) SQ. PIN 
15 PLACES 


AGC IN (21) 
109 (22) 
THAR (23) 
RLSD (24) 


(20) FSC RACK (25) 
cl AGC OUT (26) 
(19) Cre [ANALOG (27) 


(14) S8GR 
{13) V26A 


(12)! (63.50) 3.530 
(11 NS ENG (89.66) 


MAX, 


) 

8) R2W/4W 

7) PE 

6) T1195 

5) T1904 

4) DCP 

3)A 

2) ACVDS 

1) SYC SV (28) } 
COM (29) 
-12V (30) 
-12V (31). 


.025 (.64) SO. PIN 
31 PLACES 





Receiver — R2 Module Package 


NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 








R24 


2400 bps Integral Modem 





PRINTED CIRCUIT BOARD MOUNTING 
OPTIONS FOR THE R24 MODULES 


Three methods of mounting are commonly used. Each configura- 


tion has certain distinct advantages. 
Mounting Type of Connection Basic 
Method or Connector Used | Advantage 
Standard Flush | Wave Soldered Into Standard | Lowest Height 
PCB Component PCB Eyelets Profile 


Mount 































Above Board Connectors (SAE Series Plug-in Capa- 
Low Profile 3000 or Methode Series 1000) bility at Low 
Socket These Sockets are Wave } Cost 


Saldered Into Standard ° 
PCB Eyelets 










PCB Plug-in’ Connectors (AMP Miniature Lowest Pro- 
Sockets (Bullets) | Spring Sockets.) file for Plug-in 
; Pin Sockets are Individually Capability 





Soldered Into PCB Eyelets 






ENVIRONMENTAL SPECIFICATIONS: 


Operating temperature: 0°C to 60°C 

Storage temperature: ~40°C to + 80°C. 

Relative humidity: to 95% (non-condensing) . 

Altitude: -200 to 10,000 feet (~6.1 meters to 3,049 meters) 
Burn-in: 96 hours at 70°C 


Ordering Information 


When ordering, specify products as follows: 


R24 — Set of 3 modules (T, R1, R2)} 
R24MEB —- Modem Evaluation Board 
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R24 MODEM EVALUATION BOARD. 


To facilitate evaluation and design-in of the R24 modem for new 
and existing equipment designs, an R24 Modem Evaluation 
Board (R24MEB).is available. The R24MEB can be easily com- 
bined with terminal systems for real-time performance 
evaluation. 


RECEIVER 


TRANSMITTER 


R24 Modem Evaluation Board (R24MEB): 


The Modem Evaluation Board is equipped with a standard 31 
pin edge connector, control switches, output level jumper, and 
interface transformers. These features allow full controt of the 
interface circuitry. In addition, this unit can be used directly in 
a U.S. leased line configuration. The R24MEB is recommended 
for all first-time users to assist in their evaluation. Complete 
documentation is supplied with each initial R24MEB. 


An 


Rockwell 


‘INTRODUCTION 


To aid the user in the design phase of leased line modems, 
Rockwell has made available the R24 Modem Evaluation Board 
(MEB). The R24MEB is a convenient cost effective means for 
evaluation and design-in of the R24 2400 bps Integral Modem. 


The Modem Evaluation Board is equipped with pin receptacles 
for mounting and interfacing the three R24 receiver and transmit- 
‘ter modules (Rt, R2 and T). In addition to all interconnections 
being etched on the back of the board, the R24MEB also pro- 
vides telephone coupling transformers, transient protection cir- 


cuits, DIP switches (for option selection and gain control) and | 


a DIP socket for jumper selection of the transmitter output level. 
A 31-pin edge connector (with Industry standard 0.125 inch con- 
‘tact centers) provides pin-in/pin-out, as well as power connections 
for analog and digital interface signals. 


These features allow full control of the modem interface circuitry. 
Also, the complete R24 modem can be used directly in a U.S. 
leased line configuration. The R24MEB is recommended for all 
first-time users to assist in their evaluation. Complete documen- 
tation is supplied with each initial R24MEB. 





R24MEB 


Integral Modems 


R24MEB 


MODEM EVALUATION BOARD 





FEATURES 


° Goaventerit evaluation method of R24 Integral ‘Modem 
modules 

Exercises all R24 Integral Modem features 

Easily integrated into a prorotype system 

Cost effective for low-volume applications 

Will serve as. incoming test vehicle 

Standard board edge connector 

Pin receptacles for easy mounuinginerigee R24 modules 
(R, R2, T)- 

¢ Complete option select switches 

¢ Transmitter output level strap selectable _ 

¢ Backed by complete customer support documentation package 


R24MEB Modem Evaluation Board 


Document No. 29220N14 


Product Summary No. 614 
Rev. 1, August 1983 








Modem Evaluation Board 





EQUALIZER 
CONTROL 
SWITCH 


R24 
: RECEIVER 
SWITCH $1 INTERFACE 


- yNPUT 
| TRANSFORMER, 


OPTION 
SELECT 
SWITCHES 
$3, 54 


A24 R24 ; TRANSMIT 


RECEIVER 4 TRANSMITTER beg LEVEL, 


INTERFACE INTERFACE CONTROL 
4 1 NETWORK 





IMPEDANCE 
COUPLING 
; RESISTOR 


OUTPUT 
TRANSFORMEA 


T2 


Tip 


INPUT/OUTPUT CONNECTOR (P1) 


INPU ANALOG ~ DIGITAL _ ANALOG 
POWER RECEIVER ‘INTERFACE TRANSMITTER, 


INPUT OUTPUT. 





R24MEB Functional Diagram 
ORDERING INFORMATION BOARD DIMENSIONS 


When ordering, specify products as follows: Width: 5.875 in. (14.923 cm) 
Depth: 6.813 in. (17.305 cm) 


R24MEB — Modem Evaluation Board 
R24 — Set of 3 modules (T, R1, Re) 
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Rockwell 


RDAA 


Integral Modems 


. RDAA 
ROCKWELL DATA ACCESS 


ARRANGEMENT MODULE 





PRELIMINARY 
SECTION 1 — INTRODUCTION 


This document is an aide to customers installing, operating and 
troubleshooting the Rockwell Data Access Arrangement (RDAA) 
Module designed and manufactured by Rockwell International. 


THE RDAA MODULE 


The RDAA Module enables the modem user to make direct con- 
nections of their modems to the domestic switched telephone 
network. The RDAA is completely registered with the Federal 
Communications Commission under Rules Part 68. Therefore, 
no user re-registration of OEM data communication equipment 
is necessary when used with the RDAA. This means a definite 
cost-savings for the OEM equipment designer. 


In addition to establishing your desired data transmission path, 
the RDAA also features an automatic answering function, line 
surge and hazardous voltage protection, switch hook status 
indication, ringing indication and automatic signal level control. 
Automatic dialing can be performed by pulsing the OH relay or 
by transmitting tone pairs. 


FEATURES 

e Pre-registered (under FCC Rules, Part 68) for direct connec- 

tion to dial telephone network 

Integral Data Access Arrangement (DAA) 

Automatic dialing—pulse or tone 

Establishes data transmission path 

Automatic answering function 

Surge and hazardous voltage protection 

Switch hook status indication 

Ringing indication 

Automatic line signal output limiting 

Programmable or Permissive (strap selectable) connection 

arrangements 

e Small size (approximately 3.95” by 3.94”) (100 mm. by 
400 mm.) ie 





PENS 


RDAA Module 


Document No. 29220N49 


Product Description Order No. 649 
August 1983 








RDAA 


Rockwell Data Access Arrangement Module 





The RDAA is easily incorporated into the users end product by 
either using the provided mounting holes, and/or using the card- 
guides without card-edge connector. The small size of the RDAA 
makes it ideal for piggyback type mounting. 


The Rockwell ROAA printed circuit board is 3.94 inches (100 
mm.) in width and 3.94 inches (100 mm.) in depth. 


SELECTABLE CONFIGURATIONS 


As a prerequisite, telephone companies require that the signal 
level received at their local central office not exceed —12 dBm. 
Several different connection arrangements have been estab- 
lished (as documented in the FCC Rules, Part 68) to meet this 
requirement. 


By jumper selection (Figure 1) the RDAA can be configured to 
operate in either the Programmable (PG) or Permissive (PM) 
connection arrangement. This is accomplished by placing the 
jumper in either the W2 or W1 locations for the desired mode. 
W1 jumper in, W2 jumper out for the permissive mode. W2 
jumper in, W1 jumper out for the programmable mode. 






94 3.275 











——— 


RDAA Module Jumper Selection Location 


Figure 1. 


When using the Programmable connection arrangement, the 
maximum signal level allowed to be transmitted across T and 
Ris set by a resistor installed by the telephone company in their 
wall jack (RU45S or RJ41S) at the customer location. The resistor 
interacts with the RDAA through the leads PR and PC to pro- 
gram the maximum output level in one dB steps between —12 
dBm and 0 dBm. Selection of the resistor from thirteen possible 
values is based on loop loss measurements performed by the 
telephone jack installer. The Programmable arrangement pro- 
vides for the transmission of the maximum allowable amount of 
power. Therefore, this arrangement offers optimum perfor- 
mance over long loops. 
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When the Permissive connection arrangement is employed, the 
maximum signal output level across T and R is fixed at —9 dBm. 
The Permissive jacks (RJ11C) used for line connections are the 
same jacks used for standard voice installations. Therefore, this 
arrangement provides for greater mobility of user equipment. 


RDAA DIMENSIONS 


The dimensions for the RDAA Module are given in Figure 2. 


MATING CONNECTORS 
The mating connectors of the RDAA are as follows: 


1. Two row (14 pins) ribbon type connectors .1” spacing between 
pins, 
































; 
1 
1 
4.94 3.275 
oo000o00 
Y Sacco | 
e 


Figure 2, RDAA Module Dimensions 


RDAA | Rockwell Data Access Arrangement Module 
SECTION 2 — INTERFACE DESCRIPTION 


INTERFACE CIRCUIT DESCRIPTION 


The following paragraphs describe in detail the RDAA interface 
circuits shown in the block diagram (Figure 3).and the interface 
circuits listing (Table 2-1). 


600 OHM TRANSMIT GAIN 


BUFFER ADJUST 
2 aur 


IVE 
BUFFER 
OH HAZARDOUS 


RELAY VOLTAGE 
CONTROL PROTECTION 


RING SIGNAL 
DETECTOR AND LEVEL 
aUFFER LIMITER 


CUT.THROUGH 
CONTROL 





Figure 3. RDAA Functional Block Diagram 


Table 2-1. RDAA Interface Circuits 


Signal Direction To: 


Transmission leads for data signals. 
Leads to telephone set switch hook. 
Leads to programming resistor. 


Signal ground required. : 

Ringing signal present indication. 

To request data transmission path cut through. 
To control Off-Hook relay. 

Status of telephone set switch hook. 
Transmission path cut through indication. 

Lead to modem output. 

Lead to modem input. 
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RDAA 


Rockwell Data Access Arrangement Module 





SG 


The SG (Signal Ground) is the common reference for all modem 
interface signals. 


RD/ 


RD/ (Ring Detect) indicates to the user by an ON (Low) condi- 
tion that a ringing signal is present. The AD/ signal will not 
respond to momentary bursts of ringing less than 125 ms in dura- 
tion, or to less than 40V rms, 15 to 68 Hz appearing across Tip 
and Ring with respect to ground. RD/ is also used to disable 
the transmission path. The electrical characteristics of the RD/ 
signal are shown in Table 2-2. 


Table 2-2. Output Signals RD/ 
SH and CCT/ Characteristics 


Output Levels 


Output 
Logic State 


LOW 0.0 to 0.4V while ‘sinking < 1.6 ma 
HIGH 2.4 to 5.0V while sourcing < 40 vA 


RCCT 


RCCT (Request Coupler Cut-Through) is used to request that 
a data transmission path through the RDAA be, connected to 
the telephone line. When RCCT goes OFF (Low), the cut-through 
buffers are disabled and CCT will go OFF (High) within 1 millisec- 
ond. RCCT must be OFF (Low) during dial pulsing but ON (High) 
for tone address signaling. The electrical characteristics of the 
RCCT signal are shown in Table 2-3. 


Table 2-3. Input Signals RCCT and OH Characteristics 


Input 


OFF or LOW 0.0 to O.8V, load current < 0.36 ma 
ON or HIGH RCCT = 2.0 to 5.0V, load current < 20 va 
OH = 2.0V, load current < 100 na 
5.0V, load current = 250 na 


< 
4 


OH 


OH controls the OF F-HOOK relay. Applying an ON (High) signal 
to OH closes the OH relay and establishes a DC path between 
T and AR. Maximum delay between the ON signal to OH and the 
close of the OH relay is 10 ms. When originating a call, an ON 
(High) signa! is used to request dial tone. After detecting dial 
tone, OH can be pulsed to generate the dial pulses corre- 
sponding to the number of the called station (see Section 4.2). 
On incoming calls, an.ON (High) signal to the OH lead initiates 
the answering sequence (see Section 4.1). The characteristics 
of the OH signal is shown in Table 2-3. 
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NOTE 


WARNING. !f OH is asserted to a logic high before the 
incoming call ring signal is completed, the OH reed relay 
switch contacts may suffer degradation. 


SH 


An ON (High) signal on the SH lead indicates to the user that 
the associated telephone (if used) is in the talk mode i.e., a con- 
tact closure exists between Ml} and MIC. The characteristics of 
the SH signal are shown in Table 2-2. 


CCT/ 


CCT/ is the Coupler Cut Through. An ON (Low) signal to the 
CCT/ lead indicates to the user that the data transmission path 
through the RDAA is connected. The ON (Low) state does not © 
indicate the status of the telephone line or connection. The 
characteristics of the CCT/ signal are shown in Table 2-2. 


TXA 


TXA (Transmit Analog) is the lead from modem transmitter out- 
put. This tead should be tied to GND when the modem is in the 
receive only mode. 


RXA 


RXA (Receive Analog) is the lead to modem receiver input. This 
lead may be left open when the modem is in the transmit-only 
mode. 


POWER REQUIREMENTS 
The following power must be provided at the RDAA interface. 


A. +12 VDC +5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak 


+5 VDC +5% @ 20 ma with a maximum ripple of 100 mv 
peak-to-peak 


. —12 VDC + 5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak. 


HAZARDOUS VOLTAGE PROTECTION 


Lightning induced surge voltages and other hazardous voltages 
are limited to 10.0 volts peak between the secondary leads of 
the coupling transformer T1. The isolation between the relay 
contacts and coils provides the protection of the telephone line 
from hazardous voltages appearing on any control lead. 
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RING DETECTOR AND TIMER 


When the Ring Detector detects the presence of a ringing signal 
ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS 
across Tip and Ring (T and R) leads, after a delay of 125 ms 
to 500 ms, it will send an RD/ (Ring Detect) signal to the user's 
data terminal equipment. (DTE). If the DTE is conditioned for 
answering, the DTE will return an ON signal on OH and RCCT. 
The OH signal closes the OH relay and. starts a timer. The timer 
is used to provide a quiet. interval of more than two seconds 
between the closing of OH relay-and the connection of data 
transmission path. This allows the telephone company to prop- 
erly engage their billing equipment. After this delay the CCT/ 
interface lead goes ON (Low) and data transmission may begin. 


RD/ will go OFF (High) in less than 400 MSEC after the ringing 
‘signal is stopped. The ring detector is disabled when OH is ON 
(High) or SH is ON (High). 


SIGNAL LEVEL LIMITER AND GAIN 
CONTROL CIRCUITRY 


The limiter monitors the signal level applied to the RDAA input 
lead TXA and is unaffected by the level of receive signal. When 
the applied signal amplitude becomes greater than +7 dBm for 
a period of 1.3 to 3 seconds, the transmission path is discon- 
nected via the transmit and receive buffers, and the output signa! 
CCT/ will go OFF (High). 


NOTE 


The off-hook relay is not affected by the limiting function, 
therefore, so triggering the. limiting function need not result 
in call termination. ; , 


Reducing the input signal amplitude to less than +7 dBm will 
reset the limiter in Jess than 4 milliseconds, restore the data 
, transmission path, and cause the signal CCT to go ON (Low). 


in order not to activate the limiter during normal operation, care 


must be taken to ensure that the maximum signal amplitude into. 


the RDAA input TXA never exceeds +6 dBm. If the modem 


output has a tolerance of + 1 GB, then it is recommended to set ° 


the modem output to +5 dBm (+ 1 dB), so that the maximum 
signal amplitude into TXA is 6 dBm. 


The output control circuitry contains a variable gain buffer which 


‘reduces the RDAA output to the maximum allowed level across 


T and R. When the RDAA is jumpered to operate in the Pro- 
grammable mode, the resistor in the telephone company wall 
jack sets the output level to one of thirteen possible values. If 
the RDAA is jumpered to operate in the Permissive mode, then 
an internal resistor will set the output to a flxed value. The rela- 
tionship between the RDAA input amplitude (in dBm) across 
TXA and GND and the nominal RDAA output level across. T and 
R is given below: ‘ 


A. For Programmable mode: output level across T and R = 
{input amplitude at TXA —7dB + (Programmed leve! set by 
wall jack resistor). 


B. For Permissive mode: output level across T and R = (input 
‘amplitude at TXA) -— 16 dB. 


IMPEDANCE SPECIFICATIONS 


On-Hook DC: The DC resistance between T and R, 
and between-either TF or R and signal 
ground are greater than 10 megohms 
for DC vottages up to 100 volts. 


On-Hook AC: The on-hook AC impedance 
measured between T and R is less 


than 40K ohms (15.3 Hz minimum). 


Off-Hook DC: Less than +00 ohms. 


Off-Hook AC: 600 ohms nominal when measured 


between T and R. 

2 megohms typical (operational 
amplifier voltage foliower input 
impedance). 


TXA-and GND: 


75 ohms typical (operational amplifier . 
voltage follower output impedance). 


RXA and GND: 


INSERTION LOSS 


There is no insertion loss for the RADAA. The RDAA contains a 
receive buffer which compensates for transformer insertion loss. 
For this reason, additional receive buffering is not necessary. 
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SECTION 3 — INSTALLATION/CHECKOUT 


RDAA CONNECTION TO TELEPHONE LINE 


Connection of the telephone line interface pins of the RDAA to 
the network shall. be made via standard jacks and plugs as 
shown in Figure 4. Cable color codes are also shown in Figure 
4. A number of telephone line cord. manufacturers produce the 
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir- 
ginia Plastics, Roanoke, VA, etc.) 


STANDARD 
CABLE 


STANDARD 
CABLE 


STAND4RO 
PLUG 


RDAA PERMIBSIVE 
MODE 


RJ41S IS A UNIVERSAL JACK WHICH 
CAN BE UTILIZED WITH EITHER 
THE PROGRAMMABLE MODE OA 
FIXED-LOSS LOOP (FLL) MODE 


Figure 4. 


RDAA PROGRAMMABLE 
“MODE : : 
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TELEPHONE SET AND JACK 
ORDERING, INFORMATION 


If it is desirable to have manual call origination.or alternate voice 
capability, an exclusion key telephone set may be ordered from 
a local telephone company. The telephone line may be trans- 
ferred to the telephone set by lifting both the handset and the 
exclusion key, if.the telephone is configured as Data Set Con- 
trols. Line. This operation is for manual origination or alternate 
voice transfer (refer to paragraph 4.4 for-manual origination pro- 


- cedure). A call may be terminated by replacing the handset in 


its cradie and taking OH low if OH is not already low. 


TO JACK 
SUCH AS 
AUIeX 
SHOWN ON 
FIGURE 3-2, 


MINIATURE 
POSITION | a 2 


| sack’. Rur6x 
JACK: 


MINIATURE 


soe Erveree 


RA T Sanne Suny 


TO RDAA 


TO MINIATURE 6 POSITION JACK 


POSITION - 
MINIATURE PLUG MINIATURE, PLUG 


Standard Jacks, Plugs and Cable Color Codes 
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-The ringer of the telephone set may be disconnected by the 
telephone company to prevent the bell from ringing. 


‘The telephone company provides an exclusion key telephone 
under the Universal Service Order Code (USOC) RTC. This tel- 
ephone set has the following customer options: 

. Ai - Telephone set controls line 

A2 - Data set controls fine 

B3 - Aural monitoring not provided 

. B4- Aural monitoring provided (See Note 1} 

. ©5 - Touch tone dial 

. C6 - Rotary dial 

. D7 - Switch hook indication 


ramnmo0m > 


. D8 - Voice mode indication only (See Note 2) 


NOTES 


1. The aural monitoring feature allows the telephone 
handset to be used for listening to line signals without 
interfering with data transmission. 


. In this option the make contact of the exclusion key and 
a make contact on the switchhook are connected in 
series and to the mode indication leads MI and MIC of 
the data jack. Therefore, the SH signal of the RDAA 
goes ON only when the exclusion key is lifted. 


Table 3-1. 


When ordering this telephone, specify the USOC number RTC 
and the following options: 


A. 
B. 


A2 - Data set controls fine 


B3 - Aural monitoring not provided 
or 
B4 - Aural monitoring provided 


. C5- Touch tone dial telephone (503C) 
or 
C6 - Rotary dial telephone (2503C) 


D. D8 - Voice mode indication only 


Another telephone set provided by the telephone company is 
the Model 502 with exclusion key. To order this telephone set, 
specify the following: 


A. Modem 502 with exclusion key 
B. Data set controls fine 
A summary of the information for ordering telephone and jacks 


is given in Table 3-1. Examples of typical installation are given 
in Figure 3-2. 


Telephones and Jacks Ordering Information 


Output Optional FCC Ringer Telephone Jack Telephone Set 
; Configuration Telephone Set Reg. No. — USOC No. USOC No. 
With 
Telephone Set 


Programmable AMQSSQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 


Without 
Telephone Set 


With 
Telephone Set 


Permissive 


Without 
Telephone Set 


Notes: 


'RUJSEX and 
?.4RJ45S 


RTC or 502 
with exclusion key 


2.3A45S N.A. 


1RJ36X and RU16X 
‘or 

4AJA2X and RJ11C 

RJI1C 


ATC or 502 
with exclusion key 


N.A. 


. FU36X is an 8 position miniature jack into which.the telephone plugs. Rather than using an RJ36X jack, the telephone company may use a 
connecting block to connect the telaphone set and data jack to the telephone line, 
2. RJ41S is a universal data jack. It may be used for either Programmable or Fixed-Loss Loop mode. The RU45S jack is preferred, because it 


costs less. 


. For muitiple connections, the RJ45M jack should be ordered. The letter M Indicates emia single. line jack for up to 8 lines. Specify the number 


of lines required when ordering. 





. RJA2xX is the adapter shown in Figure 3-1. The use of the RU36X and RJ16X jacks is recommended. 
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RDAA | | = Rockwell Data Access Arrangement Module 


TO DTE 


QH RCCT AD/ SH CCT/ 


STANDARD 
MINIATURE 


TO NETWORK 


- OUTPUT 


NETWORK 


BRIDGING 
TRANSFORMER 


ATC ae 
OPTIONED FOR DATA SET 
CONTROL OF THE LINE 


. MI AND MIC ARE REQUIRED ONLY IF HANDSET IS USED. 

. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 

. STANDARD TELEPHONE CO. PROVIDED JACK AJ16X, AU45S OR RJ41S. 

. AJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS USED. WHEN THE RDAA 
IS IN THE PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C OF FIGURE 4 MAY BE USED WITH THE 


ASSOCIATED TELEPHONE SET. 





Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex) 


MODEM INTERFACE 


‘There are 4 possible two-wire modes of operation. configura- 
tions: receive-only, transmit-only, and receive and transmit (half 
duplex) and full-duplex (using two different frequencies simul- 
taneously) as described below: 


A. For the half-duplex and full-duplex configurations, the:inter- 
face connection circuitry could be as shown in Figure 5. 


B. For the receive-only configuration, the connection circuitry is 
the same as that shown in Figure 5, except that the RDAA 
input lead TXA is grounded rather than connected to the 
modem transmitter output. : 
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C. For the transmit-only configuration, the RDAA lead RXA is 
left open rather than connected te the modem receiver as 
shown in Figure 5. 


For a 4-wire full-duplex configuration, 2 RDAA modules and 2 


telephone linés are required. The connection circuitry consists 


of one 2-wire receive-only connection, and one 2-wire transmit- 
only connection. 


RDAA 


Rockwell Data Access Arrangement Module 





MODULE MOUNTING AND SECURING 


The RDAA may be physically incorporated into the OEM's end 
product by using the four corner (0.156 inch diameter) mounting 
haies and self-locking plastic standoffs, or by bolting the RDAA 
module to a rigid structure. The RDAA module may also be 
mounted using card guides without card edge connector. 


A number of manufacturers such as Richlock Corporation, Chi- 
cago, IL., produce plastic standoffs (Part Number CBS-3N). 


ELECTRICAL INTERFACE 


Electrical connection to the RDAA module is made through 
ribbon type connectors. The connector(s) interface pins (Figure 
2) are contained on the component side of the board. There are 
two test points brought out to the interface connector of the 
board. Therefore care must be taken to prevent shorting test 
points with any of the other interface signals. 


The RDAA telephone line interface connector pins are physically 
separated from the RDAA DTE interface connector pins, as 
shown in Figure 2 and described in Table 3-2. 


Table 3-2. RDAA Telephone and 
Modem Interface 
RDAA 


Connectors/ 
Pin No. 


Type 
Interface 
Circuit 


Interface 
Circuit/Signal 


DTE 
Interface 


Connections TP2 EXCESSIVE 


POWER DETECT 
+12V 
+5V 
N/U 
TP1 BILLING 
DELAY TIME 


Telephone 
Line 
Interface 
Connections 


(Not Used) 
R 


T 
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Care must be taken in routing the telephone interface pins to 
the telephone jack. The FCC (Rules, Part 68) requires that the 
telephone interface leads shall be separated from the leads or 
metallic paths connecting to power connections. 


NOTE 


Power connections are those connections between com- 
mercial power and any transformer, power supply rectifier, 
converter, or other circuitry associated with the RDAA. 
The connection of the interface pins (including the +12V 
and +5¥V) shown in Figure 2 are not power connections. 


The telephone interface leads shall not be routed in the same 
cable (or use the same connector) as leads or metallic paths 
connecting to commercial power. 


FCC (Rules, Part 68) also requires that the telephone leads T 
and R be separated from metallic paths to leads connecting to 
non-registered equipment, when specification details provided 
to FCC do not show that the interface voltages are less than 
non-hazardous voltage source limits in Part 68. T and R shall 
not be routed in the same cable (or use adjacent pins on the 
same connector) as metallic paths to leads which are not con- 
sidered non-hazardous. All DTE interface connector signals 
shown in Table 3-2 have been established as non-hazardous. 


Therefore, in routing the telephone interface leads from the 
RDAA P1 connector to the telephone jack, the following pre- 
cautions must be strictly adhered to. The telephone jack inter- 
face routing path should be as direct as possible. Any cable 
used in establishing this path should contain no signal leacs 
other than possibly the (previously established as non-haz- 
ardous) DTE interface signals shown in Table 3-2. Any con- 
nector used in establishing this path should contain no 
commercial power source signal leads, and adjacent pins to the 
T and A (Tip and Ring) pins in any such connector should not 
be utilized by any signals other than possibly those shown in 
Table 3-2. Also the DTE interface routing path should be made 
as short as possible. 


INSTALLATION PROCEDURE 


A. Check the telephone line interface cable(s) plug(s) and jack(s) 
(Figure 4). If the USOC RJ41S jack is used for the Program- 
mable mode, ensure that the jumper W2 is installed and W1 
jumper is removed for the programmable mode of operation. 


. Make sure the telephone company installer has measured 
the loop loss correctly and has selected the proper program- 
ming resistor in the RJ45S or AJ41S jack. 


NOTE 


You have the right to know the method used by the 
installer for measuring loop loss and selecting the pro- 
gramming resistor. 
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C. Check the power supplies to see if they meet the proper 


requirements specified in paragraph 2.2. 


D. Insert the telephone cable plug into the jack, and make the 


DTE interface connection. Then switch on the power supplies. 


OPERATIONAL CHECKOUT PROCEDURE 


The following procedures check out the RDAA in association 
with a modem, a data terminal, a telephone set and an auto- 
matic dialer. The telephone set is required only in the manual 
Origination mode (refer to paragraph 4.4) or if alternate. voice 
communication is desired. The automatic dialer is required oily 
in the automatic dial mode (refer to paragraph 4.3). 


AUTOMATIC ANSWER MODE 
A. 


. Call the local modem. from a remote station. 


Set the modem transmitted output level to +5 dBm. 


. Follow the instructions given in Figure 6. 


oO WB 


. Transmit data from the local terminal to the remote terminal 
and monitor the CCT/ signal. It should stay low. 


E. Terminate the call sequence and verify the received data. 


AUTOMATIC ORIGINATE MODE 
A. 
B. 


Set the modem transmitted output level to +5 dBm. 


Follow the procedure of Figure 8 for touch tone origination 
or Figure 7 for pulse dial origination. 


Transmit data from the local terminal and monitor the CCT/ 
signal. It should stay low. 


C. 


D. Terminate the call sequence and verify the received data. 


MANUAL OPERATION MODE 

A. Set the modem transmitted output level to +5 dBm. 

B. Follow the instructions given in paragraph 4.4. 

C. Transmit data from the local terminal. CCT should stay low. 
D. Terminate the call sequence and verify the received data. 


SPECIAL INSTRUCTIONS TO USER 


Your Rockwell Data Access Arrangement has been registered 
with the Federal Communications Commission (FCC}. To comply 
with the FCC regulations you are requested to observe the 
following: 
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A. 


All direct connections to the telephone lines shall be made 
through standard plugs and jacks as specified in Figure 4 
and Table 3-1. 


. It is prohibited to connect the RDAA to pay telephones or 


party lines.. 


. You are required to notify the local telephone company of 


the connection or disconnection of the RDAA, the make, the 
modem number, the FCC registration number, the ringer 
equivalence number (refer to Table 3-1) and the particular 
line to which the connection is made. If the proper jacks are 
not available, you must order the type of jacks to be used 
from the telephone company. (Refer to Table 3-1 for the 
proper jacks and telephones.) 


. You should disconnect the RDAA from the telephone line if 


it appears to be malfunctioning. If the RDAA needs repair, 
return it to Rockwell International. This applies to equipment 
both in and out of warranty. Do not attempt to repair the unit 
as this wilt violate the FCC rules. 


. The RDAA contains protective circuitry to prevent harmful 


valtages being transmitted to the telephone network. If how- 
ever, such harmful voltages do occur, then the telephone 
company has the right to temporarily discontinue your ser- 
vice. In this case, the telephone company shall: 


1. Promptly notify you of the discontinuance. 


2. Afford you the opportunity to correct the situation that 
caused the discontinuance. 


3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 


. The telephone company also has the right to make changes . 


in their facilities and services which may affect the operation. 
of your equipment. However, you shall be given notice in 
writing by the telephone company adequate to allow you to 
maintain uninterrupted service. 


. Labeling Requirements: 


1. The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product: 


Unit contains Registered Protective Circuitry 
which complies with Part 68 FCC Rules 


FCC Registration Number: 


Ringer Equivalence: .8B 





. The size of the label should be such that ali the required 
information is legible without magnification. 
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SECTION 4 — OPERATING INSTRUCTIONS 


AUTOMATIC ANSWER 


The .connection of the data transmission path for automatic 
answer is as described in paragraph 2.4. To disconnect the data 
transmission path, just turn off OH and/or DA, as shown in 
Figure 6. 


IDLE 


"sOH & ROCT - ON. 


2-SECOND MINIMUM DELAY 


, CCT/- ON 


V 


IDLE 





*DA MAY BE ON PERMANENTLY FOR AUTOMATIC ANSWER. 


Figure 6. Automatic Answering Sequence 


AUTOMATIC DIAL 


DIAL PULSE ORIGINATION 


The DTE must provide the logic to turn ON the OH and DA 
leads, detect dial tone (or time for 3 seconds to ensure dial tone 
present), then turn OFF the DA lead and generate the dial 
pulses corresponding to the called number (Figure 7). The 
2-second delay period between OH and DA going ON and the 
response of CCT going ON will not be invoked in the: origination 
mode. The DTE should monitor for cail progress indication (dial 
tone, busy tone, answer tone, and call intercept). 


Requirements for proper call establishment exist on the pulse 
repetition rate (8 to 11 pulses per second), off duty cycle 
(66 percent nominal), interdigital delay timing (600 ms: to 
2 seconds) and chatter and spurious makes and breaks. The 
RDAA off-hook relay is a Reed relay designed to long life. Bell 
System requirements for pulse and touch-tone dialing are 
described in their Communications reference ‘Electrical 
' Characteristics’ of Bell System Network Facilities at the Inter- 
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WDLE 












A . OH & RCCT - ON 
‘i CCT/- ON 


DETECT DIAL TONE! 










RCCT - OF F2. 


rr ees 
OH PULSES FOR NO. 
: RCCT - ON: 









DETECT ANSWER TONE* 
DATA TRANSMISSION 





OH & RCCT - OFF 


| 
| 
IDLE 

NOTES: 
. DIAL TONE DETECTION IS NOT PROVIDED WITHIN THE ADAA. 
ALTERNATIVELY, DTE MAY START FROM,IDLE, TURN ON OH, 
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT 
AND PULSE OH FOR NUMBER. 
DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT 
ALL OTHER TIMES. f : 
THE DA TO CCT RESPONSE TIME IS LESS THAN 1 MS. 


ANSWER TONE DETECTION CIRCUITRY 1S NOT PROVIDED | 
WITHIN THE RDAA. ; 


Figure 7. Diat Pulse Origination Sequence 


= 


eo 


face with Voiceband Ancillary and Data Equipment'' 
(PUB 47001). . 


The following is an example for pulse dialing the digit #2 through 


.the OH lead. 


+SV/MAKE 





Ov /BREAK 


INTEROIGITAL 
INTERVAL 
600m TO 2 SEC 


ON-HOOK OFF.HOOK 
; ; 100m 100m 


10 
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The OH lead can be pulsed directly via microprocessor port, or 
a commercially available “binary to dia! pulse” LSI device such 
as the Rockwell CRC 8000, the General Instrument AY-5-9151 
series, or the Motorola MC 14408. These devices can accept 
4-bit binary digital inputs, buffer these digits, and output the OH 
dial pulses upon command. Also available from numerous 
semiconductor manufacturers ‘(National, Mostek, General 
Instrument, Motorola, etc.) are LS! devices. capable of inter- 
facing directly to a key board and producing suitable dial pulses. 


TOUCH-TONE ORIGINATION 


The user's terminal miust provide the logic to turn ON the OH 
and RCCT signals, detect the dial tone (or time for 3 seconds 
to ensure dial tone present) and transmit the tone-address 
signals via the TXA lead (Figure .8). The 2-second delay period 
between OH and RCCT: going ON and CCT/ going ON is not 
invoked in the origination mode. The DTE should monitor for 
call progress indications (dial tone, busy tone, answer tone, and 
call intercept). 


It should be noted that tone address signaling method is sig- 
nificantly more complicated in terms of hardware requirements 
than simple pulse dialing. -The necessary. tone pair generators 
must be added by the user. A number of Semiconductor man- 
ufacturers produce monolithic. LS] tone generators (AMI,. Mastek, 
Motorola, National, General Instrument, Intersil, etc.). These 
tone pair generators are designed to interface with keyboards 
or digital ports and may require varying degrees of additional 
low pass filtering to reduce harmonic distortion. Touch-tone 
dialing i is significantly faster than pulse dialing, but it may not be 
available in some locations. 


{IDLE 







*OH & DA- ON 


**DETECT DIAL TONE 






TRANSMIT TONE 
ADDRESS SIGNALS 


DATA TRANSMISSION 


> >» OG 


CCT . OFF 


IDLE 


*DA MAY BE PERMANENTLY ON. 


** ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO 
ENSURE DIAL TONE PRESENT. 


*"* ANSWER TONE DETECTION CIRCUITRY [S NOT PROVIDED 
WITHIN THE RDAA. 


Figure 8. Touch-Tone Origination Sequence 
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Bell System requirements exist on minimum and maximum tone 
pair transmit power for proper call address signaling. When the 
RDAA is in the programmable mode, the gain of the ADAA 
transmit leg is set by a programming resistor in the telephone 
jack (over thirteen possible values). This makes establishment 
of the tone pair signal level to be input to the RDAA (at TXA) 
which meets the Bell System requirements difficult. It is there- 
fore necessary to operate the RDAA in the Permissive mode for 
touch-tone origination. In this event the proper input power level 
(per frequency pair) to the RDAA (at TXA) would be +15 dBM 
(nominal). This level is well above the RDAA. automatic 
limiter threshold. But the RDAA limiter activates (cuts off trans- 
mission’ path) only if threshold’ power level is continuously 
exceeded for about one second minimum, and quickly resets 
itself if the power level. drops below threshold. {f the tone pair 
duration time is restricted to significantly under one second (the 
minimum duration requirement is only 50 milliseconds) and the 
minimum interdigital time requirement (45 milliseconds) is 
observed, the limiter will not be activated. These requirements 
are easily met if the tone pair generation is under logic control. 
if the generation is controlled via keyboard input, the limiter will 


‘be activated if a key is depressed and heid for more than a 


second, but will recover during. the interval between key clo- 
sures. However, the possibility exists that transients occurring 
at limiter activation and resetting may endanger proper call 
one 


AUTOMATIC CALLING UNIT 


Automatic dialing capability may also: be added to a data trans- 
mission system simply by purchasing or leasing a separate box 
termed an “Automatic Calling Unit” (ACU). Such units are avail- 
able from a variety of manufacturers. ACU's are available uti- 
lizing pulse or tone dialing. Connections of ACU to the data 
transmission system may be different for different ACUs. The 
standard protocol involved in interfacing between the user's 
data terminal equipment and an ACU is documented in CCITT 
Recommendation V.25. and also in EIA Standard AS-366. 
“Interface Between Data Terminal Equipment. and Automatic | 
Calting Equipment for Data Communication.” It should be re- 
emphasized that a separate ACU. is not necessarily required for 
automatic dial capability. The RDAA and some external hard- 
ware and/or software (as previously described) can suffice. 


MANUAL ORIGINATION 


For manual origination a telephone set with an exclusion key 
must be ordered from the local telephone company (refer to 
Table 3-1). After lifting both the handset and the exclusion key, 
a call may be originated or answered in the same manner as 
normal.telephone service. When the handset and the exclusion 
key are lifted (MI is shorted to MIC), the signal SH is turned ON. 
If the user's data terminal is ready, it may respond with OH and 
RCCT. The RDAA will then turn ON the CCT/ signal. When 
answer tone is heard, the operator replaces the handset in its 
cradle. the SH signal will go Low and the data transmission path 
is connected, When data transmission is completed, the terminal 
turns OFF the OH signal and returns to the idle state. 





SECTION 5 — FAULT ISOLATION 
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CUSTOMER REPAIR LIMITATIONS FAULT ISOLATION 

Under the FCC Rules, no customer is authorized to repair an The fault isolation flow chart (Figure 9) has been prepared spe- 
RDAA module. In the event of an RDAA malfunction, return the cifically as an aid to the user for locating possible network and/ 
faulty RDAA to Rockwell International. It is recommended that or RDAA module malfunctions. 


the following fauit isolation instructions provided in this section 
be performed prior to returning a suspected RDAA module. A 
periodic check of the DC power supplies is also recommended. 


INSTALLED 
? 


z 

a 
z 
z 
S 
z 
m 


vES 


PHONE NETWORK 
RINGS On 
? RDAA FAULT 


«i 


YES 


z 
a 


MODEM INTER. 
FACE OR OTE/ 
MODEM FAULT 


AOAA 
FAULT 


z 
o 


SC, 


TRANSMIT DATA 


y 


INBTALLED 
? 


REDUCE 
MODEM RDAA FAULT 
OUTPUT LEVEL 


MODEM INTER- 
FACE OR DTE/ 
MODEM FAULT 





Figure 9. RDAA Fault Isolation Flow Chart 
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| T-1 AND T-1/CEPT PCM 
(PULSE CODE MODULATION) PROTOCOL DEVICES 
Meet AT&T and CCITT Standards 


Rockwell International is the first company producing LSI 
devices for supporting the commercial digital switched 
network. The 24 or 32 digitized channels meet AT&T and 
CCITT standards. 

This means it is now possible to design T-1/CEPT 
systems using LSI instead of discrete devices. This results 
in a much tower parts count, lower power requirements, 
smalier size and significant cost reductions. It also means 
an increase in reliability. 

Using our LSI devices, the 24 or 32 channels of 64K bps 
information and signaling are multiplexed over a single pair 
of wires. All data are transmitted serially, along with framing 
bits, at 1.544 to 2.046M bps. At the receiving end frame, 
superframe, and channei synchronization is accomplished, 


with signaling information outputted and the 24 or 32 
channels uniquely identifiable. 

‘Transmission in digital format instead of analog has 
inherent ability to perfectly regenerate the signal even after 
noise in the phone network. The TTL compatible devices 
operate from a single 5V power supply. 

For specialized memory for digital PBX and other 
telecommunication applications, tri-port memory devices 
are also available. These allow random read and sequential 
read simultaneously, and, allow addressing sequentially 
or randomly. They support either time or space division 
switching as well as elastic storage applications when 
transmission and write speeds differ. 


Rockwell LSI Devices Provide— 
¢ Parts Count Reduction 

¢ Cabling Reduction 

¢ Cost Reduction 
¢ Increased Reliability 

e Increased Performance 


OR 


Rockwell 
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OVERVIEW 


The Tri-Port Memory circuit is designed to function as an 
assembly point and temporary storage area for 8-bit T-1 data. 
It provides 64 8-bit locations of on-chip random access memory 
which can be accessed via external addresses or internal 
sequential addressing. 


TRI-PORT MEMORY OPERATION 


The Tri-Port Memory device accepts 8-bit parallel input data on 
lines A through H. This data is stored in an internal memory loca- 
tion that is selected by either random address lines R01 through 
R32 or by the device’s Sequential Addrass Counter. Write Select 
signal WSEL determines the source of the address; in the logic 
Ostate, WSEL selects the random address, in the logic 1 state, 
WSEL selects the internal sequential address. 


The state of Write Enable signal WE determines whether or not 
the data on tines A through H will be written into memory. Data 
will-only be written into memory when WE goes low (to a logic 
0 state) and the address inputs have stabilized. 


‘The on-chip, six-bit Sequential Address Counter is a binary 
counter that increments on each positive transition of Sequen- 


- tial Clock (SCLK). When the Counter attains binary 111111, the. 


next positive transition on SCLK will clear it to binary 000000. 
The Counter will also be cleared unconditionally if Reset signal 
RST has been set to logic 0 when the positive transition of SCLK 
occurs. 


The Sequential Read Enable signal, SRE, enables sequentially- 
addressed read operations. If SRE is logic 0, the sequential 
accessed data outputs (SA through SH) will become valid within 
430 ns after the next positive transition on SCLK. If SRE is logic 
1, and 350 ns have elapsed since the positive transition of SCLK, 
the sequential accessed data outputs will become valid 80 ns 
after the negative transition of SRE. The sequential read data 
will cease to be valid 100 ns after the negative transition of SRE 
or 20 ns after the next positive transition of SCLK, becoming 
valid with the content of the next sequential location within 
430 ns of that SCLK transition. 


The Random Read Enable signal, RRE, enables’ random- 
accessed read operations. If RRE is logic 0, the random 
accessed data outputs (RA through RH) will become valid within 
380 ns after the random address lines have stabilized. If RRE 
is logic 1, and 300 ns have elapsed since the random address 
lines have stabilized, the random accessed data outputs will 
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FEATURES 


64 x 8-bit static memory 

Single +5V supply 

Two totally independent read ports 

Multiple Read access time < 430 ns (worst case) 
Selectable random- or sequential-address Write operation 
On-chip sequential address counter 

Tri-state drivers, for chip-selectable bus operation 

40-pin plastic dual in-line package 

LSTTL Schottky-compatible (12KQ pullup, to drive CMOS) 


APPLICATIONS 


Time-division Multiplex (TDM) digital switching data and control 
stores 

¢ TDM sequential machines 

e Elastic stores 

* Hardware/Software control interfaces 

e W/O Buffers 


“NOTE: PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY 
TO ROCKWELL TESTING, MAKE NO CONNECTION TO THIS 
PIN, " 





Pin Configuration 


Data Sheet Order No. 306 
Rev. 3, August 1983 
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become valid 80 ns after the negative transition of RRE. The In the case of a same location read/write. sale the sequential. : 
random accessed data outputs will cease to be valid 100 ns‘after and/or random data outputs will cease.to be valid after a negative ee 
a positive transition of RRE or 20 ns after the-random address _transition of WE, and will become valid with. the newly-written 
input lines change, becoming valid with. .the contents of the —_ contents within 340 ns of that transition, Control of this parameter 
newly-addressed location within 380 ns: after the random address minimizes. external circuitry required for résolution of read-write 
inputs have stabilized. . contention. ‘ 


RECOMMENDED OPERATING CONDITIONS 


Minimum Setup/Hold Times 
ee ee 


SCLK f 
WSEL 
‘RO1-A32 
4-H 
‘ABT 





‘ Minimum Pulse Widths 


“Minimum Pulse Width © 


_LN\ z 
Le SETUP > 180 NS sal Le HoLo >0 
SEQUENTIAL fr 
cLock 
(SCL) 


READ OUTPUTS AT SAME LOCATION AS WRITE 


(ALL OTHER INPUTS STABLE) 


WE 


_ (TS) — 340 NS MAX eon : 
fhe owen YXQoS ARK one 


RANDOM WRITE ALWAYS. AFFECTS RANDOM READ OUTPUTS; 
SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL READ OUTPUTS. 
EITHER WRITE WILL AFFECT THE OPPOSITE READ OUTPUT. IF, AND ONLY 
iF, THE RANDOM ADDRESS AND SEQUENTIAL ADDRESS ARE EQUAL. 
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WRITE SETUP AND HOLD TIMING 


crise esa TTT TT 
oa cee aan = Le-noud > 2 


RO1-R32 
(IF WSEL = 0} 


WRITE DATA 
(A-H) 





| SETUP 

| >150NS | 7 TOONS 
WIDTH 
> 170 NS 


RANDOM READ (R 


RAANDOM 
ADDRESS 
(A01-R32) — 


RANDOM 
OUTPUT DATA 
(RA-RH) 


SEQUENTIAL READ (SRE = 0, WE = 11) 


SEQUENTIAL 

clock 

(SCLK) 
20NS 
MIN. HOLD 

“ SEQUENTIAL 
OUTPUT. DATA 
{SA-SH) d 


READ PORT ENABLE/DISABLE (ADDRESS STABLE, WE = 1) 
READ ENABLE 
(ARE OR SRE) 
100 NS MAX. 


DATA OUTPUT 
(RA-RH OR SA-SH) 
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Propagation Delays 


Parameter 


Random Read Access Time _ 


Sequential Read Access Time 
Read Port Disable (to HI-Z) 
Read Port. Enable 7 
Same-Location Read After Write 


A_.WRITE DATA- 


1 OF 64 
READ 
RANDOM 
ADDAESS 
OECODEAR 
RANDOM 
READ PORT 


ee 
. 
pa) 
x= 


; 


WSEL 512 BIT 
ADDAESS i 
Sgn = RANDOM BES OR ADDRESS MEMORY 


DECODER 


o> 
> 


ue 


SEQUENTIAL 


SEQUENTIAL 
ADDAESS COUNTER 


READ PORT 


a 
m 


1 OF 64 

READ 

SEQUENTIAL [> 
ADORESS 
DECODER 


724 (2) 
to) 


a 
<x 





Tri-Port Memory Block Diagram 
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8040 . T-1 Tri-Port Memory 


MAXIMUM RATINGS* 


[Pevametor | Symbol [Value | Unit 
Supp vonage | Voo__| va75w +a | v | 
[Storage Terperaturo | Tare | =85t0 +160 | °C | 












*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vpp = +5V +5%, Vgg = OV Ta = 25°C) 


Parameter 
Input Logic “1” Voltage 
Input Logic *'0” Voltage 
Input Logic ‘'1"’ Voltage 
Output Logic 0” Voltage 
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R8040 T-1 Tri-Port Memory 





PACKAGE DIMENSIONS 


2.02 MAX 
(51.3 MM) 


NOTE:. Pin No. 1 is in lower left corner when 
symboOlization is in normal orientation 
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8050 


an ee 7 = 7 


T-1 PCM Devices 


Rockwell T-1 SERIAL TRANSMITTER 





DESCRIPTION 
sates ot B7OPTN 
The Rockwell T-1 Serial Transmitter formats data to be TEST 
serially transmitted according to T-1 D2 or T-1 D3. specifi- FRSYNC 
cations, inserting framing and signalling bits along with 24 seiT 
charinels of 8-bit channel data. The T-1 Serial Transmitter “pels 
_also provides for alarm reporting via the Bit 2 inhibit method pubs 
or, with minimal external logic, via the multiframe. alignment rieteeel 
signal (F;) modification method. cub 
oe = BINOUT 
Figure 1 is a functional block diagram of the T-1 Seria! Trans- SYNOUT 
mitter. The Mod 193 counter is driven by the clock at 1.544 Loop C 17 > ALARM 
MHz and is either synchronized to the driving system by input SYNCIN 


signal SYNCIN or provides synchronization via output signal BCH 
SYNOUT. Input signal FRSYNC applies synchronization to 
a Mod 12 counter, which identifies the frame of the 12-frame 





multiframe being processed, ~ Pin. Configuration 

eee eee Sit, FEATURES 
The input data register latches data during each bit period, ; 
when the 8th bit of a channel sample is being transmitted. e Single 5V supply, low power Schottky TTL compatible, 
The data selector outputs the proper sequence of bits, as e Accepts 8 bits of parallel data as input. 
controlled by a bit count and frame count. e Generates output as 193 bit serial data stream in T-1, D2, 

ae D3 or D4 Mode 3 data format. 

The zero channel monitor function causes Bit 8 or Bit 7 to e Provides a channel and frame timing signal. 


be transmitted as a “one” if the channel data sample is all 

“Zeros, ” Input INH provides a means to inhibit the zero 
chahnel monitor function. Input B70PTN controls the partic- e Provides. automatic bit insertion for all "zero channel 
ulars of the ‘insertion method. samples: 


e Provides alternate control for alarm reporting and signalling. 


Two types of transmit formats are provided, a binary output T-1 ‘TRANSMITTER INPUTS 


and a paired unipolar output. The unipolar pair provides a Any input < 0.8V = logic 0, low. Any input = 2.0V = logic 
means io externally create a single bipolar output with min- 1, high. The transition from a low level toa high level.is called 
imal aici : - a aise edge, while the converse is defined as a fallitig edge. 


ee 
.MOD 193 geal 
aGe ca 
a i 


a 
og 
-] 
A 
z 


; o—) output 
BATA REG. 
” SELECTOR . Z 





Figure 1. T-1 Serial Transmitter 


Document No. R8050D 41-9 Data Sheet Order No. 307 
; Rev. 3, August 1963 





R8050 


T-1 Serial Transmitter 





FRSYNC: Frame Synchronization 


Frame sync allows external synchronization of the trans- 
mitter's internal frame counter. When FRSYNC becomes 
high, the frame counter is directly set to frame 1, the first of 
the twelve frames. If FRSYNC is held high and does not 
return to zero before a rising edge of CLOCK, the subse- 
quent states of BINOUT, UNPLRA and UNPLAB are high, 
high and low, respectively, regardless of the states of any 
other inputs. The latter mechanism is useful for device and/ 
or board testing only and will cause bit errors and/or bipolar 
violations if used during field operations. See Figures 6 and 7. 


SYNCIN: Synchronization Input 


SYNCIN allows external synchronization of the internal 
Modulo 193 bit/channel counter. When SYNCIN becomes 
high, the Modulo 193 counter is directly set-to the state cor- 
responding to the output of the traming (F; or F;) bit. The 
first bit of channel! one will be output on BINOUT (and 
UNPLRA or UNPLRAB) as a result of the first rising edge of 
CLOCK following the return of SYNCIN to logic 0. See Fig- 
ures § and 7. 


TEST: Rockwell Device Test input 


Used only for Rockwell device testing. Keep this input 
grounded. 


CLOCK: T-1 Clock 


Maximum frequency = 1.6 MHz 

Minimum pulse width = 275 ns ; 

The T-1 bit period is bounded by the rising edges of this 
input. , 


INH: Inhibit Zero Channel Monitor 


If INH is high, the zero channel monitor function is disabled, 
and Bits 7 and 8 are transmitted per corresponding inputs 
received. See Table.1. 


For channels in signalling frames (6 or 12) in which the first 
six data bits and the signalling highway are all “zero,” BIT 
7 will be forced to one if INH is low. For any frame except 
a signalling frame Bit 8 or Bit 7 as selected by B7OPTN will 
be transmitted as a “one” if the channel input data is “zero” 
and INH is low. 


BITS 1-8: Parallel Channel Data Inputs 


Bit 1, the sign bit, will be serially transmitted first, followed 
by Bits 2 through 8. The falling edge of CHCLKF indicates 
input channel data has been clocked into the input register 
and always occurs during the transmission of the final bit (Bit 
8) of each channel data sample. 


ACH: A” Channel Highway Signatling 


ACH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 6 
only, ACH is clocked into the input register by the falling edge 
of CHCLKF. Refer to Table 1 and Figure 4. 
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BCH: ‘“‘B” Channel Highway Signalling 


BCH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channe} data sample in Frame 12 
only. BCH is clocked into the input register by the falting edge 
of CHCLKF. Refer to Table 1 and Figure 4.. 


S-BIT: Multiframe Signalling Bit 


SBIT, in conjunction with CCIS, provides an alternate way 
to control the multiframe signalling bit (Fs) transmission. The 
S-Bit input is transmitted as the multiframe signalling bit (Fs) 
if CCIS is held high. Refer to Table 2. 


ALARM: Local Alarm 


Used for reporting alarm conditions. If the ALARM signal is 
high, Bit 2 (the most-significant bit) of every channel data 
sample of every frame is transmitting as a zero. This is com- 
monly called remote alarm signalling. ALARM is clocked into 
the input register at the falling edge of CHCLKF. Refer to 
Table 1 and Figure 4. 


LOOP: Loop Strap 


Provided to aid testing of user applications. When enabled 
to a high level, LOOP forces the unipolar outputs to transmit 
alternating ones and zeros, regardless of input conditions, 
while BINOUT continues to provide normal data outputs. 
Refer to Figure 3. 


CCIS: Common Channel Interoffice Signalling Strap 


Provides optional control for replacing the automatic F, pat- 
tern with a 4-kilobit common channel signalling path. When 
CCIS is high, the SBIT input repiaces the F, pattern and the 
insertion of ACH and BCH is suspended. The CC{S input 
may also be used to provide the alternate method of alarm 
reporting. See Figure 4. 


B7OPTN: Bit 7 Option 


Provides Bit 7 as an alternate bit position for “one” stuffing, 
aS programmed by the zero channel monitor function. Refer 
to Table 1. 


VSS, VOD: Ground and Power 


Voo = +5 +0.25 Vde 
Vss = Ground, 0 Vdc 


T-1 Transmitter Outputs 


Low power TTL Schottky compatible. “1” = 2.4 Vde, “0” < 
0.4 Vdc, CMOS—12K02 pullup to Vpo required. 


SSTB: 4 kHz Signatling Channel Strobe 


SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTB will go high as each 
framing bit (F+) is serially transmitted, and will return low as 
each multiframe alignment signal (F,) is transmitted. Refer 
to Figure 2. 





T-1 Serial Transmitter 





SYNOUT: Channel Syne Output - 

SYNOUT provides a means to synchronize to.the internal bit 
counter (Mod 193). SYNOUT is high for one bit time, begin- 
ning just prior to the first data bit of a frame being serially 
transmitted. Refer to Figure 8. SYNOUT is the only sulpet 
determined by the falling edge of CLOCK. . 


CHCLKF: Channel Clock False 


The falling edge of CHCLKF, occurring as Bit 8 of any 
channel is being serially transmitted, indicates input data has 


been clocked into the input register. With the exception of an. 


‘extra bit period extending the low level duration at frame bit 
time, CHCLKF is a divide-by-eight of CLOCK. Refer to Figure 
2. 


BINOUT: Serial Data Output, Binary Formatted 


BINOUT is the binary formatted serial conversion of the.par- 
allel input data. The programmed format of: ‘BINOUT follows 
Tables 1 and 2. 


BINOUT is .synchronously transmitted as a high level if 
FRSYNC remains high during the rising edge of CLOCK. 
Refer to. Figures 6 and 7. 


UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs 


Two paired unipolar outputs are provided for the purpose of 


creating a single serial data output transmission in bipolar. 
format. The unipolar output register toggles for each “one” 
bit to be serially transmitted. UNPLRA and UNPLRB are 

transmitted as complements for .““one” data bits and as low 

levels for “zero” data bits. See Figure’3. 


~The input signal LOOP, if higti, forces.the unipolar outputs 


to toggle every bit time, regardless of input data. 


FRSYNC perturbs the current bits being transmitted by 
UNPLRA and UNPLRB. If FRSYNC remains high during the 
rising edge of CLOCK, UNPLRA will be transmitted as a high 
lavel and UNPLRB will be low. Refer to Figures 6 and 7. 


Table 1. Serial Channel Sample Output Data Truth Table 





Inputa X = don’t care 


ALARM 
B7OPTN | 


INH 
BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 





Binout 
Serial Output 


Channel 
Bit Position 





| SRR EO 








x} x{ x] xfo}x|x[x}x[x}x[x}xf ox | xfo]x|x|x{x]xtx] 3 
fo|x|xjpfafalsiriulvixtaix| 6 [elolais|riulvial 2 
po|x|xfelejals|riujv|]x}xje] oz [eljela}ts{rijulv[a] 2 

U iv | wf 2,3 


of+[x[efefololelolofxfalx] s | @Jololo}olololal 

fo[+[xfefolofofolololx|xfe] 2 | o[ofololelolole 
roti tx fo]ofololofofofwix[x| v |] ofofolo[ofofolw| 
CA 
oO 
0 





x 
rofxtxlefelals|r[ulviwix[x]| vy] falr[s[r[uy 

x 

X 














7 . 
efofotatetetetetetefebepety —totete tafe fete oly] 3 


NOTES: (1) ALARM = = 1 has the same effect as BIT2 = 0 : 
(2) P,Q, R, S, T, U and V may not simultaneously be zero, unles A, B or Wis 1 
(3) Y is any frame # 6 and # 12 with CCIS = 0, or-all frames with CCIS = 1 
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R8050 T-1 Serial Transmitter 





Table 2. Framing Bit (F, & F,) Output Data 


Bit 





Pee ed 
a 








ee el ONOTE D ser 


Notes: (1) Alternate remote alarm reporting may be secohiplistied by holding SBIT and CCIS both high just prior 
to initiation of Frame. 12. 
(2) F,; bit insertion is automatic and no optional control is provided. 






CLOCK 
(1.544 MHz) 





Bhevee _— SAMPLE CH. 1 : SAMPLE CH. 2 


F 
“t- CH. 24 1 OR fe-—————_ CHANNEL 1) ——____» CHANNEL 2. —_______»J 


F, 
(horizontal scale change} : | 


ACH Replaces BIT 8 in Frame No. 6 
BCH Replaces BIT & in Frame No. 12 


1 
See Fig. 7 


SSTB : F 
SYNOUT 
FRSYNC” | 


SYNCIN* 


‘POSSIBLE POSITIONS TO RE-INFORCE INTERNAL SYNCHRONIZATION. 





Figure 2. Transmitter Input-Output Signal Relationships 
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R8050 7 _ -T-1 Serial Transmitter 








CLOCK 


LOOP 


BiINOUT 


UNPLRA 


UNPLRB 





CHCLKF 


BIT1-BIT 8, 
ACH, BCH, --—~------------------- 
ALARM 


BINOUT 
BIT NO. 


INH, 
B7OPTN 


YX cHaaer7 va XY 6 XY cHi eri x 
BINOUT X CH 24, BIT 7 X CH 24, BIT 8 X Xx PEt BIT 1 X 


(SEE NOTE) 


NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE. ALARM REPORTING METHOD. CCIS SHOULD BE 
ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT 
THE REMOTE ALARM. 





Figure 4 (c). Control Input Timing 
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R8050 T-1 Serial Transmitter 





CLOCK 


ti i aa ts 
SYNCIN / / \ \ 
; Y 1, BIT Y 
snout Keer Xana 


CLOCK 


FASYNC 
SSTB 
BINOUT 
UNPLRA 


UNPLRB 


CLOCK 


FRSYNC (1 PULSE PER 2316 CLOCKS) 
(Return to zero) 


SYNCIN (1 PULSE PER 193 CLOCKS, MAX) 


DATA CHANNEL 1 may change 
IN INPUT DATA 


CH 23 | | CHANNEL 1 FRAME 1 
FRAME 12 . . 
VV, VV V 
f\ LN /\ 


BINOUT 


SSTB 


CHCLKF 


SYNOUT 





Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC) 
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R8050 | T-1 Serial Transmitter 





Table 3. Input Timing 























Buffered Data Setup Time 
Buffered Data Hold Time 
Control Inpui Setup Time 
Control Input Hold Time 
Asynchronous Contro! Input Setup Time 
Asynchronous Contro! Input Hold Time 
SYNCIN Setup Time 

SYNCIN Hold Time 

SYNGIN Pulse Width 

Frame Sync Setup Time (Return to Zero) 
Frame Sync Hold Time (Return to Zero) 
Frame Sync Pulse Width 

Frame Sync Setup Time (Non-Return to Zero) 
Frame Sync Hold Time (Non-Return to Zero) 


tan 





Table 4. Output Propagation Delay, Worst Case 
(Measured from Rising Edge of Clock Unless Stated Otherwise) 
















Output 





SSTB 
SYNOUT 
Ref from Falling 
Edge of Clock 
CHCLKF 
BINOUT 
UNPLRA 
UNPLRB 


ns 


ns 
ns 
ns 





MAXIMUM RATINGS’ 
[Parameter | Symboi [value] 









Supply Voltage Voo +4.75 to +§.25 | Vde 
Operating Temperature Top 0 to 70 
Storage Temperature -55 to +150 


“NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is 
not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliabllity. 








ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 +5%) 


Logic ‘‘0’’ Output Voltage 


Output Source Current 


Output Sink Current 
Capacitance Load (any output) 





Power Dissipation 








R8050 - | T-1 Serial Transmitter 





PACKAGE DIMENSIONS 


PIN NO. 1 
eo” IDENT. 


“Fa 


__. |b. (023) -032 REF (110) 
(015) (.080) 





11-16 


A 


Rockwell 


R8060*R8060A 
T-1 PCM Devices 


R8060 and R8060A 
T-1 SERIAL RECEIVER 





DESCRIPTION 


The Rockwell T-1 Receiver processes serial unipolar data of 2 


T-1,02 or T-1,D3 line from which data and a 1.544 MHz clock 
have been extracted. 


Frame synchronization is.accomplished by locating the frame 
bit (Fy) alternating every 386 bits. Loss of frame sync is indicated 
if a frame bit error occurs within. two to four F-Bit frames since 
the previous frame bit error. 


A loss of carrier is indicated if 31 consecutive bit times yield 
“zeros” at the input. Carrier loss is reset and frame sync search 
begins when a ‘‘one”’ reappears at the TDATA input. 


Signaling bits, which occur 193 bit positions after a framing bit, 
are monitored to detect signaling frames. The signaling frame 
output, SIGFR, identifies the present frame as a signaling frame, 
and the S-Bit output at that time identifies which signaling frame 
is being processed. 


Remote alarm reporting is detected by monitoring the second 
raceived bit of every channel sample of every frame. An alarm 
is indicated if 255 consecutive Bit 2 zeros are received. 


Channel data bits are output by an eight-bit parallel register. The 
rising edge of the signal called channel clock (CHCLK) indicates 
the extraction of new output channel data. 


Several signals developed from a MOD 386 counter are provided 
to aid in the external processing and storage of channel data. 
Signals are provided to increment counters, synchronize 
counters, strobe data into memories, etc. 


The Rockwell T-1 Receiver chip operates on a single 5 volt supply 
and directly interfaces to the low power TTL Schottky logic family. 
The Receiver is packaged in a 28 pin dual in-line (DIP). 


Timing relationships are given in figures 3 through 5. 


FEATURES 


e Synchronizes serial T-1,D2 or T-1,D3 signals in less than 5 ms. 
e Extracts 8-bit parallel channel data 


¢ Provides timing signals to capture and synchronize channel 
and frame Information 


¢ Monitors and detects 


— Errors in signaling bit pattern 
— Loss of frame syne 

— Loss of carrier 

— Remote alarm reporting 


e Single 5V supply 
e LSTTL Schottky compatible 













285 S5IGFA 
27 1 SBCLK 
26D TOATA 


CHANNEL 
DATA 
BITS 





Pin Configuration 


ORDERING INFORMATION 


The T-1 Serial Receiver is available in two versions. With the 
standard commercial version, R8060, data will be stable within 
900 ns after the bit clock. With the selected version, R8060A, 
data will be available within 600 ns after the bit clock. 


vob -+{ > iV 2 
VSS »—+{ > (GNO} P12 


CHANNEL 
DATA 


BITS 


ee re) 
ie wo o - 
Les en 


PARALLEL 
OUTPUT 


DATA 
REGISTER 


ToATA ya hZe Testo 
SYNCHRONIZATION 
——= FRALAM 
TCLK 


1.54 MHZ 


ier Loss 


ane 
Peas ea | Svac 


=a ENABLE 


Pp 
TESTI {> SAIT ALARM a 
(LEAVE OPEN) MONITOR 


REMOTE ALARM 
= DETECTOR BzaLAm 


Figure 1. R8060 Block Diagram 








Document No. R8060D 


Data Sheet Order No. 308 
Rev. 3, August 1983 








R8060 « R8060A 


T-1 Serial Receiver 





T-1 RECEIVER INPUTS 


Any input <0.8V = LOGIC 0, LOW, ZERO. Any input =2.0V = 
LOGIC 1, HIGH, ONE. A transition from a low level toa high 
level is called a rising edge, while the converse is true for the 
falling edge. 


TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT 


Unipolar T-1 Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 
TDATA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK.. 


TCLK: T-1 CLOCK 


Typicat clock frequency is 1.544 MHz. Maximum clock frequency 
is 1.85 MHz. The T-1 bit period is bounded by the rising edges 
of TCLK. 


SYNCEN: FRAME SYNCHRONIZATION ENABLE 


Provides a means to disable the automatic resync search initi- 
ated by a FRAME ALARM condition. If the SYNCEN signal is 
low, with synchronization function is inhibited and remains inhib- 
ited until SYNCEN transitions high. SYNCEN must be stable 
200 ns before the rising edge of FRALAM, in order to inhibit the 
synchronization function. 


MR: MASTER RESET 


Master Reset, when low performs an initialization clear of the 
T-1 Receiver; SBALRM and CALRM are reset to low levels while 
FRALAM, CHCLK, WIHBT and CHSYNC are set to high levels. 
Frame synchronization search begins on the rising edge of MR 
provided that SYNCEN signal has been high for 200 ns. 
Minimum pulse width is one T-1 clock period. 


CDINH: CHANNEL DATA INHIBIT 


Provides a means to disable channel data bit outputs. When at 
a high level, CDINH forces channel data Bits 1 through 7 high. 
Bit 8, the least significant channel data bit, is not controlled by 
CDINH. 


TESTI: ROCKWELL DEVICE TEST INPUT 


Used only for Rockwell device testing, no connection to TESTI 
is required for normal operation. 


VSS, VDD: GROUND AND POWER 


+5.0 +0.25 VDC 


VDD = 
= Ground, 0 VDC 


vss 


T-1 RECEIVER OUTPUTS 


Low Power TTL Schottky — compatible 
“41” > 2.4 Vde; “0 < 0.4 Vde 
CMOS — 12 K Q pullup to VDD required. 
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CDB (1-8): CHANNEL DATA BIT 1 THROUGH 8 


Bit 1 is the sign bit, Bit 2 is the most significant bit.and Bit 8 
is the least significant bit. If CDINH Is low, new parallel. channel 
data becomes valid within 200 ns after the rising edge of CHCLK. 
and remains valid until the next rising edge of CHCLK. If CDINH 
is high, channel data Bits 1 through 7 are forced to a high level. 
Bit 8, the least significant bit, is not controlled by CDINH. Chan- 
nel data Bits 1 through 7 are enabled or disabled within 300 ns 
(R8060) or 150 ns (R8060A) by CDINH. Refer to Figures 3 
through 5. 


CHCLK — CHANNEL CLOCK 


The rising edge of CHCLK indicates a change of parallel output 
channel data. CHCLK is four TCLKS high then four TCLKS low 
except for when an “F”’ or ''S’”’ bit is received. Then CHCLK 
stretches to five TCLKS high and four TCLKS tow. Refer to 
Figures 3 and 4. 


CHSYNC: CHANNEL SYNC. 


Channel Sync occurs one time in a 24 channel period, making 
it suitable for synchronizing external counters to the T-1 Frame 
rate. CHSYNC goes low one TCLK period before the falling edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK period after the next rising edge of CHCLK. Refer 
to Figures 3 through 5. 


TESTO: ROCKWELL DEVICE TEST OUTPUT 


Designed to aid in Rockwell device testing. No connection 
required for normal operation. 


WIHBT: WRITE INHIBIT 


WIHBT covers the parallet channel data transition period. WIHBT 
is Suitable for clocking or strobing channel data into external 
memories. WIHBT is high for two TCLK periods, beginning one 
TCLK period before the rising edge of CHCLK. Refer to Figures 
3 and 4. 


MAXCNT: MAXIMUM COUNT OF 386 MODULUS 


MAXCNT is low for one TCLK period, marking the completion 
of a two-frame period corresponding to the expected receipt of 
an F-bit at the TDATA input. Refer to Figures 4 and 5. 


SBCLK: S-BIT CLOCK 


SBCLK will be high during the S-Bit frame and low during the 
F-bit frame. The transitions will occur within 300 ns after the ris- 
ing edge of TCLK as channel 24 data is being transferred to the 
paralle] channel outputs. Refer to Figures 3 through 5. 


§-BIT: SIGNALING BIT OUTPUT 


The S-Bit output monitors the previous S-Bit received which 
occurred two frames before ihe receipt of the current S-Bit. An 
S-Bit output transition occurs one TCLK period after the rising 
edge of SBCLK. 


“R8060 « R8060 








During a signaling frame (SIGFR is low), frame 6 or ‘“‘A’’ highway 
signaling is identified by S-Bit output being low. If S-Bit is high 
during a signaling frame, frame 12 or “B’’ highway signaling 
is identified. Refer to Figures 3 through 5. 


- SIGFR: SIGNALING FRAME 


SIGFR identifies frame 6 or 12 when low. If the sequence of five 
consecutive received S-Bits is either 0111X or 1X001 (left to right, 
as received), SIGFR shall go low after the rising edge, but at 
least 375 ns before the falling edge of WIHBT corresponding 
to channel 1 data sample time. SIGFR returns high one frame 
later (193 bits}. Refer to Figures 3 through 5. 





SBALRM: S-BIT ALARM 


SBALRM goes high if the sequence of the five S-Bits received 
contains four consecutive ones (01111), and remains high until 
three consecutive ‘‘zero”’ bits are preceded and followed by a 
“‘one’’ S-Bit (10001). The actual transition of SBALRM output 
occurs after the rising edge, but at least 375 ns before the fall- 
ing edge of WIHBT corresponding to channel 1 data sample 
time. 


B2ALRM: BIT 2 ALARM 


B2ALRM goes high, detecting a remote alarm condition, if 255 


consecutive channel data samples are received with Bit 2 low. 
B2ALAM returns low upon the receipt of any channei sample 


with Bit 2 high. 


CALRM: CARRIER LOSS ALARM 


A carrier loss is detected and CALRM is set high if 31 con- 
secutive low level TDATA bits are received. CALRM is reset low, 


MR 


T-1 Serial Receiver 


FRALAM is set high and frame sync search begins when the 
first TDATA high level is received. 


FRALAM: FRAME ERROR ALARM 


FRALRM detects an out-of-frame condition. FRALRM goes high 
if: 


A) 
B) 
C) 


The framing synchronization function is in progress. 
Within 250 ns after the falling edge of MR. 

An F-Bit is received which is not the inverse of the last 
F-Bit and the same condition also occurred two or three 
or four F-Bit frames earlier. 

Within 250 ns after the falling edge of CALRM, (CALAM 
being reset by high level TDATA bit). 


D) 


FRALAM goes low upon completion of the synchronization func- 
tion or within 250 ns after the rising edge of CALRM. (Carrier 
loss condition during frame synchronization function). 


OUTPUT CLOCK SIGNALS DURING FRAME 
SYNCHRONIZATION FUNCTION 


Following the Declaration of Frame Sync loss (FRALRM goes 
high), output signals will continue normally for a two-frame period 
with the exception of CHSYNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
period CHCLK, CHSYNC, and WIHBT are held high until frame 
sync has been located, as indicated by the falling edge of 
FRALRM. With typical data patterns, frame synchronization 
takes less than five milliseconds. See Figure 2. 


FRAME SYNC 
FRALRM I ° —- . { ; 
|< —-2 FRAME PERIOD» 


awe —<— a 


eke ee ee 





Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization 
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R8060 ¢ R8060A T-1 Serial Receiver 
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Figure 4. Signal Relationship at Beginning of FT Frame (F-BIT) 
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Table 1. Output Propagation Delay 
Worst Case, From Rising Edge to TCLK 
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Figure 5. Multiframe Signal Relationships 
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Packaging Diagram 
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MAXIMUM RATINGS* 


“NOTE: Stresses above those listed may cause permanent 


+4.75 to +5.25 damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 


those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





ELECTRICAL CHARACTERISTICS 
(Vop = +5V +5%, T, = 25°C) 
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Rockwell 


R8070 
T-1/CEPT PCM Devices 


R8&070 


T-1/CEPT PCM TRANSCEIVER 


PRELIMINARY 


INTRODUCTION 


The R8070 T-1/CEPT Transceiver is a new generation PCM 
(Pulse Code Modulation) protocol device designed and manufac- 
tured by Rockwell International. The new device utilizes CMOS 
technology providing a higher level of component integration 
than its predecessors; low power dissipation and many features 
and capabilities. The device is designed to meet AT&T and 
CCITT specifications, including EXTENDED FRAME and CLEAR 
CHANNEL and/or CEPT applications using T-1, T-1C or CEPT 
specifications. 


Product availability of R8070 T-1/CEPT PCM Transceiver is 
Winter, 1984. 








ehen 


A8070 T-1/CEPT PCM Transceiver. 


FEATURES 


° PCM format transceiver (transmitter and receiver in one chip) 

* CMOS technology design 

e 5-volt single supply voltage 

¢ 64-pin QUIP package 

e Meets CCITT G.732, G.733 and G.703 (applicable parts) 
specifications, and AT&T advisories 


* Operates with EXTENDED FRAMING, CLEAR CHANNEL 
and/or CEPT formats 


e Uses aclock of 1.544 (T-1), 1.576 (Y T-1C), or 2.048 (CEPT) 
MHz depending on operation mode 


* Supports multiplex/demultiplex T-1C, mode 1 (synchronous) 
operation 


® Formats data to be serially transmitted/received according to 
CCITT and AT&T specifications 


* Mode Selectable — provides 17 different data format and zero 
suppression mode combinations 


¢ Selectable serial or parallel digital data interface 


e Provides status and alarm information to peripheral equip- 
ments for control and status reporting 


® Allows external synchronization of the transmitter’s internal 
circuitry 
« Generates signals for external processing of data 


* interfaces between multiplexed digital signals and the PCM 
highway 


APPLICATIONS 


* Channel Banks —- add signalling and framing information to 
the multiplexed 24-voice channels 


© CPI and DMI — provides bidirectional data communication 
between systems 


« PBX — interfaces between transmission medium and trunk 
side of PBX 


* Time and Space Division Switching — provides interface 
between PCM highway and dedicated time slot interchange 
circuitry 

e Can be used in virtually any voice/data system designed to 
AT&T or CCITT specifications for primary rate interface 


CUSTOMER BENEFITS 


Use of the R8070 will: 

* Reduce board layout area 

* Save power — CMOS low power dissipation 

« Provide higher design retiability — replaces 100 MSI with one 
chip 

e. Provide cost reduction 

« Meet AT&T and CCITT specifications in a single device 

* Provide ease of signal processing ona digital data 





Document No. 29300N11 


Product Summary Order No. 311 
‘March, 1984 








T-1/CEPT PCM Transceivel 


SELECTABLE R8070 MODES se 
[__wnewonieé——————C~dSCC~—~—SCSCSCSCSCSCSCSCSCS SCRIPTION SSCS 


TH 
193N 193 bits/frame, no signalling 
4 frames per super frame 
Zero suppression — B8ZS, B7 stuffing, or transparent 
193S° 193 bits/frame, with signalling ; 
12 frames per super frame 
Zero suppression — B8ZS, 87 stuffing, or transparent 
193E 193 bits/frame, extended frame, with signalling 
24 frames per super frame 
Zero suppression — 88ZS, B7 stuffing, or transparent 
193F 193 bits/frame, extended frame, no signalling 
24 frames per super frame 
Zero suppression — B8ZS or transparent 














197N 197 bits/frame, v2 synchronous T-1C, no signalling 
4 frames per super frame 
Zero suppression, (None) transparent 
197 bits/frame, Ve synchronous 7T1-C, with signalling 
12 frames per super frame 





Zero suppression, (None) transparent 





256 biis/frame, with signalling 
2 frames per super frame 
Zero suppression — HDB3 or transparent 
256 bits/frame, with signalling , 
16 frames per super frame 
Zero suppression — HDB3 or transparent 




















Legend: Zero Suppression Key 

B8ZS = Bipolar 8 Zero Substitution 

B7 = Bit7 

HDB3 = High Density Bipolar 3 Zero Max 
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